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ABSTRACT 

The  construction  and  use  of  a  programmable,  fully 
automatic  data  acquisition  and  control  system  (MIDAS  IV)  is 
reported  with  application  to  probe  surveys  in  a 
turbomachine.  The  MIDAS  IV  system  was  designed  to  record  up 
to  48  channels  of  analoq  data,  position  and  align  a 
pneumatic  probe  in  the  direction  of  flow  ir.  surveys  across  a 
flow  passage,  and  control  the  operation  of  up  to  four 
Scani valve  pneumatic  switches.  The  MIDAS  IV  input  and 
output  is  presently  via  a  teletypewriter  keyboard  and 
paper-tape  punch.  A  direct  interface  with  the 
Hewlett-Packard  HP  9830A  calculator  is  a  logical 
modification  of  the  system. 
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I. 


INTRODUCTION 


The  equipment  described  in  this  report  was  designed  in 
answer  to  the  particular  needs  of  the  Turbopropulsion 
Laboratories  at  the  Naval  Postgraduate  School.  In  the 
testing  of  compressors  and  turbines,  at  each  operating 
condition,  data  must  be  recorded  from  many  channels  of  fixed 
instrumentation  in  steady  state.  Also,  translational 
surveys  of  flow  fields  at  various  locations  within  the 
machines  are  often  required.  Probes  are  used  which  must  be 
aligned  with  the  flow  direction  by  rotating  the  probe  to 
balance  the  pressures  sensed  at  two  pneumatic  ports  before 
data  are  recorded.  Tor  safety  reasons,  these  surveys  must 
be  remotely  controlled  and  the  data  remotely  recorded. 

A  data  acquisition  and  control  system  was  designed  to 
perform  these  tasks  and  to  interface  with  the  Hewlett 
-Packard  Model  9830A  calculator  system  for  data  reduction 
and  presentation.  The  design  of  the  system  was  initiated  bv 
I,t.  J.  W.  sturo°s  who  had  previously  applied 
microprocessors  to  the  control  o*  data  acquisition  and 
recording  [3ef.  1].  The  present  author  completed  the  data 
system  hardware,  designed  and  constructed  a  traversing 
mechanism  with  linear  and  angular  drives,  and  programmed  the 
control  and  acquisition  software  in  PI./M. 

This  document  will  serve  both  as  a  design  report  and  as 
an  operation  manual.  The  system  and  its  relationship  to  the 
existing  test  equipment  are  shown  schematically  in  Fig.  1(a) 
with  views  of  the  eguipment  given  in  Figs.  1(b),  1(c),  and 
1(d).  It  should  be  noted  that  by  programming  changes  only, 
the  MIDAS  IV  system  is  applicable  to  a  wide  range  of  data 
acquisition  and  control  tasks.  In  this  document,  however. 
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it  is  described  in  the  context  of  its  use  in  compressor 
testing;  in  particular,  in  acquiring  data  from  a  traversing 
probe  system.  The  probe  traversing  mechanism  mounts  on  the 
compressor  case  and  is  controlled  either  manually  (for 
calibration)  or  automatically  by  the  MIDAS  TV  system.  Op  to 
four  electrically-driven  rotary  pneumatic  switches 
(Scanivalves)  can  be  used.  Each  Scanivalve  sequentially 
connects  U8  pressure  lines  from  the  test  rig  to  a  single 
strain  gage  transducer  connected  to  one  input  channel  of  the 
MIDAS  TV.  Forty-four  other  input  channels  are  available  for 
electrical  signals.  Program  inputs,  program  control,  and 
data  output  for  MIDAS  IV  is  via  a  teletypewriter  unit.  The 
punched-paper  tape  output  can  be  input  to  the 
Hewlett-Packard  9830A  calculator  for  analysis.  A  wired 
interface  between  MIDAS  IV  and  the  FP-9830A  is  considered  to 
be  a  feasible  and  practical  modification  of  the  present 
system . 

The  MIDAS  IV  system  is  described  in  Section  IT.  a 
description  cf  the  hardware  is  followed  by  an  exDlanation  of 
the  programs  used  to  operate  ^he  system  in  Section  IT- r  and 
II-F.  The  prob°  traverse  mechanism  and  drive  circuits  are 
described  in  Section  III.  The  main  bodv  of  this  report  is 
intended  to  give  a  description  and  a  general  working 
knowledae  of  the  complete  data  acquisition  and  control 
system.  Details  of  the  hardware  and  software  needed  to 
trouble-shoot  or  modify  the  system  have  been  arranged  in  the 
Appendices.  The  operational  proceedures  are  summarized  in 
Appendix  D. 
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II 


•  MILAS  II  DATA  AC^D  ISTTION  AND  CONTROL  SYSTEM 


A.  GENERAL  DESCRIPTION 

The  components  of  the  MIDAS  IV  system  are  shown 
schematically  in  Fig.  2.  At  the  heart  of  the  system  is  a 
Pro-log  Model  MPS-805  microprocessor  which  can  be  programmed 
with  programmable  read-only  memory  units  (PPOMS)  .  These 
units,  programmed,  retain  the  program  when  power  is  burned 
off.  Thus  software  replaces  the  hard-wired  logic  found  in 
earlier  steady-state  data  systems.  Scanning  and  recording 
of  up  to  forty-eight  channels  of  input  data  is  controlled  by 
the  software  programmed  onto  thp  PRCMS  of  the 
microprocessor.  The  control  Drogram  also  sends  outDut 
signals  to  control  the  operation  of  up  to  four  Scanivalves, 
and  to  control  the  motor  drive  units  on  a  prob®  traversing 
mechanism. 

The  fortv-eiqht  inputs  of  analog  data  are  multiplexed  to 
a  single  Digitec  digital  voltmeter  (DVM)  under  program 
control.  The  data  received  by  the  microprocessor  is  printed 
and  punched  onto  paper  tape  by  a  teletypewriter,  also  under 
program  control. 


General 

specifications  and 

features  of  the 

system  are 

summarized 

in  Tables 

I  (*)  , 

I  (b)  ,  and  I  (c)  . 

Views  of  the 

front  panel 

Of  MIDAS  IV 

are  shown  in  figures  3 

and  4 . 
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B.  HARDWARE  COMPONENTS 


1 .  Microprocessor 

A  Pro-Log  Corporation  MPS-805  8-bit  microprocessor 
is  used  in  the  MIDAS  IV  system.  Reference  2  provides  a 
complete  description  of  the  microprocessor  and  the 
programming  requirements.  The  specifications  summarized  in 
Tables  11(a)  and  11(b)  are  reprinted  from  Ref.  2.  Briefly, 
the  MPS-805  is  a  digital  mi croprocessor  using  an  3003  CPU 
chip.  It  has  ex+ended  input/outpu^  capabilities  (6  input 
and  u  output  ports),  U095  words  of  ROM  (2C4Q  is  standard) , 
and  presently  2048  words  of  RAM.  If  more  memory  is  required 
a  further  2048  words  of  RAM  can  be  added  through  th° 
installation  of  RAM  chips  (Pro-Log  2D1002)  to  the  PAV  card 
(Pro-Log  -8117).  RAM  contents  remain  unchanged  until  new 
information  is  written  over  old,  or  the  power  to  the  system 
is  turned  off. 

The  microprocessor  can  be  interrupted  and  restarted 
at  any  time  by  pressing  the  RESET  button  which  is  shown  in 
Fig.  4. 

2.  Analog  Input  Devices 

Pressure  transducers,  thermocouples,  strain  gaaes, 
and  potentiometers  are  devices  currently  used  in  conjunction 
with  the  MIDAS  IV  system.  The  pressure  transducers  and 
stain  gages  are  electricallv  similar  and  act  as  variable 
resistances  in  one  leg  of  a  Wheatstone  bridge.  ”he  bridge 
outputs  a  voltage  proportional  to  the  Dressure  or  strain. 
Potentiometers  require  a  power  supply  and  produce  an  output 
voltage  depending  on  the  potentiometer's  resistance. 
Thermocouples  require  no  power  supply  and  generate  only 
millivolts  of  electrical  output.  In  order  to  accommodate 
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these  various  measurement  devices,  the  analog  inputs  to 
MIDAS  IV  are  connected  to  signal  conditioners. 

3  •  S ia na  1  Conditioners 

The  purpose  of  the  signal  conditioners  is  to  provide 
power  to  the  analog  device,  to  accept  the  resulting  input 
level  of  the  analog  signal,  and  to  output  a  signal  in  the 
range  required  by  the  digital  voltmeter  (±1.3999  volts). 
Channels  1  through  09  are  available  for  pressure 
transducers,  thermocouples,  and  strain  gages,  while  channels 
41  through  47  are  designed  for  potentioir.etric  inDuts. 

4 .  Mult  j  plexers 

Multiplexing  allows  a  nurh^r  of  electrical  inputs  to 
be  connected  in  succession  to  a  single  measurement  device, 
in  this  cas®  a  digital  voltmeter.  In  the  MIDAS  IV  system 
three  Datel  {•‘‘■odel  3MM-">6)  sixteen-  inout  analog 
multiplexers  are  used  TRef.  31.  The  three  outputs  are 
connected  in  parallel  to  the  digital  voltmeter.  The  outputs 
of  the  43  signal  conditioners  are  connected  to  the  inputs  of 
the  three  multiplexers.  The  ^esired  channel  (1-48)  is 
selected  when  an  address  signal  and  a  multiplexer  enable 
signal  are  received  from  the  microprocessor. 

3.  Dig  i~ al  Voltmeter  _fPiaitec>_ 

A  Digitec  digital  voltmeter  (DVM)  measures  the 
signal  voltage  selected  by  the  multiplexer.  The  DVM 
converts  th®  analog  vodtage  into  a  digital  value  which 
appears  in  the  display  of  the  instrument.  The  digital  value 
is  simultaneously  output  on  the  rear  of  the  DV'l  as  four 
BCD-numbers  which  are  read  by  the  microprocessor  'Ref.  4]. 
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6.  Input/Output  Devices 


An  ASR-33  teletypewriter  [Ref.  13]  is  the 
input/output  device  for  the  MIDAS  IV  system.  Since  the 
microprocessor  outputs  ASCII  serial  characters,  th°  MIDAS  TV 
system  is  compatible  with  other  equipment  using  the  same  I/O 
format,  such  as  the  HP-9930A  with  a  teletypewriter  interface 
POM . 

C.  FROil'1’  PAR  EL  DESCRIPTION 

1 .  Upper  Front  Section 

Fig.  3  is  a  view  of  the  upper  front  section  of  the 
MIDAS  IV  console  and  shows  the  location  of  tha  following 
components: 

1.1  LED  Dinol a y  shows  the  current  channel  and 
port  to  whicn  th<=>  multiplexer  and  Scnnivalve,  if 
it  is  selected,  are  set. 

1.2  Thumbwheel  Switches  are  only  active  in  the 
calibrate  node  and  are  used  to  manually  select  a 
desired  channel. 

1.3  nort  Advance  Button  advances  the  selected 
Scani valve  continuously  until  released.  The 
advance  rate  permits  the  user  to  increment  one 
port  at  a  time.  The  pushbutton  is  only  active 
when  channels  1  throuah  4  are  selected  on  the 
thumbwheel  switches  and  the  system  is  in  the 
calibrate  mode. 

1.4  Probe  Traverse  Control  moves  the  traverse 
mechanism  up  or  down.  This  enables  the  operator 
to  calibrate  nr  to  reposition  the  probe  for  a 
survey.  The  operation  is  un af  feet  ed  bv  the 
program  selection^ 
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1.5  Digital  7  ol tme te  r  converts  the  various 
analoq  inputs  into  diqital  values  for  the 
microprocessor  (see  Sec.  II.  B.  6)  .  The  "on/off- 
repetition  rate"  switch  and  the  "mode  selection" 
switch  control  its  operation. 

1.6  S  ional  each  of  which  are 
provided  with  "ballance"  and  "span"  controls, 
allow  the  ranga  of  each  analog  input  to  be  scaled 
to  produce  t  1.3999  volts. 

No teg_  S can i valve  "Home11  Hutton  (not  shown  in 
Fiq.  3)  advances  the  Scanivalve  to  the  first  port 
and  is  located  to  the  left  of  the  Port  Advance 
3utton . 


18 


2. 


Lover  Front  Section 

^ig.  4  shows  the  location  of  the  Pro- Log  M  PS-80  5 
microprocessor  in  the  lover  front  section  of  the  console  as 
well  as  the  following  components: 

2.1  Peset  Button  which  is  used  to  interrupt  the 
microprocessor  and  cause  it  to  wait  for  a  new  program 
selection . 

2.2  Main  Power  Switch  is  a  circuit  breaker  type  switch  that 
controls  power  to  the  console. 

2.3  microprocessor  Pow°r  Switch  and  Indicator  Light  control 
the  power  to  the  K PS-305  and  indicate  when  it  is  on. 

D.  PER?.  PAR  PL  DSSCPIPTIOk 


Fifty-four  connectors  are  used  to  interface  peripheral 
equipment  with  th°  MIDAS  IV  system.  Fig.  5  shows  the 
connectors  located  on  the  rear  panel  of  the  console.  The 
connecter  allocation's  given  in  Table  III. 

E.  SOFTWARE  PROGRAMS 

MIDAS  IV  performs  the  functions  of  scanning,  digitizing 
and  recording  data,  and  supplying  output  control  signals  as 
a  result  o*  pre-programaing  of  the  microprocessor.  The 
programs  are  constructed  from  subroutines  to  allow  efficient 
use  of  memory  space  and  ease  of  debugging. 

The  construction  of  the  control  proaram,  called 
"Moni4-or",  allows  the  selection  of  one  of  eight  possible 
branches  or  "modes"  of  operation.  The  eight  modes  are 
listed  in  Table  IV.  Operation  in  each  mode  requires  the  use 
of  different  subroutines  as  shown  in  Fig.  6.  The  function 
of  each  subroutine  is  summarized  in  Tabl°  V.  ^lov  charts 
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and  listings  of  the  subroutines  are  given  in  Appendix  3. 
Proceedures  for  changinq  programs  are  given  in  Appendix  D. 

F.  OPERATION  VIA  PROGRAM  "MONITOR" 

The  operation  of  MIDAS  IV  consists  of  running  the 
program,  "Monitor",  at  the  teletypewriter.  Step-by-step 
procedures  for  operatinq  the  system  are  given  in  Appendix  D. 
In  this  section,  the  available  modes  of  operation  are 
described.  The  mode  is  selected  by  entering  the  mode 
selection  number  at  the  teletype  after  the  RESIT  button  is 
pressed.  A  list  of  the  mode  selection  numbers  is  given  in 
Table  TV.  A  summary  listing  of  this  table  can  be  obtained 
by  entering  "0"  followed  by  a  "space"  at  the  teletypewriter. 

1.  MIDAS  TV  Mode  listing 


The  operator  enters  "0".  In  this  node  a  list  of 
mode  selection  numbers  is  typed  on  the  teletypewriter. 
Control  is  automatically  returned  to  the  beginning  of  the 
"MONITOR"  proaram,  and  another  mode  selection  input  can  be 
made. 


2.  Cal ibrat i on  Mode 

The  operator  enters  "1".  This  mode  is  used  to  set 
up  instrumentation  and  to  calibrate  the  electrical  analoq 
signal  at  the  DVM  to  the  physical  measurement.  In  the 
CALIBRATION  mode,  t h ^  operator  can  select  any  of  the  48 
channels  and  any  port  on  each  of  the  four  Scanivalves  usina 
the  thumbwheel  switches  and  the  port  advance  button.  The 
selected  port  and  channel  numbers  appear  in  the  LED  display 
and  the  voltage  output  from  the  signal  conditioner  is 
displayed  by  the  DVM.  Thus  in  this  mode,  the  "balance"  and 
"span"  controls  on  the  signal  conditioners  can  be  adjusted 


20 


to  provide  an  appropriate  "zero"  and  "range",  respectively, 
for  each  input. 

The  CALIBRATION  node  can  also  be  used  to  select  and 
monitor  particular  channels  while  testing  is  in  progress. 

To  exit  this  mode,  the  RESET  button  is  pressed. 

3.  Program  Scan  ttode 

The  operator  enters  "2".  In  this  mode  the  operator 
first  programs  the  seouence  of  channel/port  combinations  to 
be  scanned  when  data  is  recorded.  Second,  the  recuired 
increments  and  direction  of  Drobe  movement  are  programmed. 
The  required  entries  and  format  are  given  in  Apoendix  D. 
Briefly,  two  tables  of  information  are  input.  The  firs'- 
table,  the  Scan  Control  table,  lists  the  channel  and  port 
number,  the  maximum  difference  between  two  successive  OFF. 
readings  on  this  channel  which  can  be  acceoted  as  indicating 
convergence  has  occured,  and  *-he  time  in  tenths  of  a  second 
that  the  microprocessor  should  wait  befor=>  the  first  PVU 
reading. 


The  Scan  Control  table  is  terminated  bv  entering 
in  the  "channel"  column. 

The  second  table,  the  Probe  Control  table,  lis  +  s  the 
amount,  in  hundredths  of  an  inch,  that  '-he  probe  is  to  move 
and  the  direction  of  movement  (0  or  1)  . 

The  Probe  Control  table  is  t-arnir.ated  by  entering  FF 
in  the  "Amt"  column.  ^tiring  OATA  ACQUISITION  mode,  the 
channels  listed  in  the  Scan  Control  table  are  scanned  and 
recorded  for  each  position  of  the  probe  entered  in  the  Probe 
Control  table.  Iff  no  probe  is  usadt  a  "zero”  for  the  amount 
and  a  "zero"  for  the  direction  is  entered  in  '"h-3  Drobe 
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Control  t  a  b  1  ° ,  w h J.ch  is  terminated  with  a  £F  as  before^ 

4.  HEAD  TAPE  ^ode 

'’’he  operator  enters  "3".  In  this  mode,  the  Scan 

Control  and  Probe  Control  tables  can  be  entered  from  a 
pre-punched  paper  tape.  The  tape  is  punched  with  the 
teletypewriter  in  the  "LOCAL"  mode.  An  entry  of  data  i§ 

alwavs  read  as  the  number  ppir  immediate lv  precpedino  a 

space^  Thus  carriage  return  and  line  feed  commands  can  be 
harmlessly  included  on  the  tape  if  they  are  followed  by  a 
number  pair  and  a  space,  for  example,  CP,  LF,  03,  "space". 
Consequently,  the  eniri^s  on  a  paper  tape  can  be  made  such 
that  the  information  is  simultaneouly  tyn^d  in  a  readable 
form.  The  information  is  entered  as  it  is  in  th°  PPOGRAv 
SCAT  mode  except  that  the  teletypewriter  does  not  prompt  the 
operator.  is  mandatory  that  php  £HS~!12  thp  Eca n 

Control  tab]_p  be  in  the  "channel^  position^  If  it  is  not, 
the  Probe  Control  table  will  be  read  as  an  extension  of  vhe 
Scan  Control  table.  The  endi_n  c  the  Probe  Copt  pel  table 

must  be  in  thp  "Amount"  position  in  ordpr  to  tprmipate  tip 
table.  If  the  tape  reader  continues  to  run  after  the  end  of 
the  paper  tape  it  is  probable  tha4-  one  of  the  two  ?? 1  s  were 
entered  in  the  wrong  column.  The  last  three  ASCII 
characters  on  the  paper  tape  should  be  the  number  pair,  FF, 
followed  by  a  "space".  If  adlitional  characters  follow, 
they  are  ignored. 

5 .  DATA  ACQUISITION  “ode 

The  operator  enters  "U".  In  this  mode,  data  scans 
are  performed  as  programmed  in  the  FR0G3AK  SCAN  mode.  Khen 
the  DAn A  ACQUISITION  mode  is  entered,  the  microprocessor 
first  checks  whether  the  required  amount  of  probe  movement 
equals  FF,  since  this  indicates  the  end  of  the  run.  If  it 
is  not,  the  probe  traverse  mechanism  is  activated  in  fh° 
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direction  specified  by  the  Probe  Control  table  entry  for  a 
length  of  time  that  qives  the  desired  incremental 
displacement.  The  microprocessor  then  reads  the  first  entry 
in  the  Scan  Control  table.  If  the  "channel"  number  is  not 
FF,  the  correct  channel  and  port  are  selected.  After 
waiting  the  amount  of  time  specified  by  the  Scan  Control 
table,  the  DVY  is  sampled  on  two  successive  scans.  The  two 
values  are  compared  and  if  the  magnitude  of  the  difference 
is  less  than  the  tolerance  given  in  the  Scan  Control  tabl», 
the  averaae  of  the  two  readings  is  returned.  If  the 
tolerance  is  not  met  in  s i x teen  attempts,  a  value  of  15000 
is  returned.  If  the  r>VM  is  overrance  (the  analocr  voltage  ;s 
outside  the  ±1.3999  volt  range) ,  a  vaiuto  of  14000  is 
returned.  The  channel  number,  oort  number,  and  the  returned 
data  value  are  output  on  the  teletypewriter. 

The  microprocessor  then  checks  the  next  channel 
number  in  the  Scan  Control  table  for  FF  and  repeats  tne 
above  process.  The  cvcle  is  repeated  until  FF  is  read,  at 
which  time  the  n®xf  entry  in  the  Probe  Control  table  is 
checked  for  FF.  If  F1'  is  read,  the  prooram  is  terminated 
and  control  returned  to  MOt’ITOP.  Otherwise  the  above 
process  is  repeated. 

6 .  MEMORY  DISPLAY  and  Y F YO^Y  EDIT  lodes 

The  operator  enters  "5"  for  M^YOFY  DISPLAY  and  "6" 
for  tlEYORY  EDIT.  These  modes  are  used  toaether  to  first- 
display  and  then  to  change  what  has  been  entered  into  RV1. 
They  are  available  for  software  debugaina.  Fowever,  they 
are  most  frequently  used  to  make  individual  changes  in  the 
Scan  Control  and  Probe  Control  tables.  For  example,  the 
Scan  Control  table  is  stored  in  RAM  beginning  at  address 
1100H.  Five  successive  number  pairs  beginning  with  the 
channel  number  constitute  one  line  of  the  table.  To  display 
a  number  of  lines  starting  from  the  top  of  the  table,  first 
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"5"  followed  by  a  '’space"  is  entered,  then  "11",  "space", 
and  " 00" , "space" .  Following  a  computer  printed  hyphen,  the 
address  of  the  last  line  to  be  displayed  is  entered  as  two 
number  pairs  each  followed  by  a  space.  A  printout  is 
obtained  on  the  teletypewriter  of  the  desired  block  of  RAM. 
After  noting  the  exact  address  of  the  number  pair  to  be 
changed  (note  that  the  addresses  are  in  hexadecimal  and  not 
decimal),  the  ooerator  enters  selection  number  "6",  a 
"space",  and  the  address.  For  example,  "4,  snace,  11, 
space,  43,  space”.  In  the  MEMORY  EDIT  mode,  the  existing 
data  in  RAM  location  specified  by  the  entered  address  is 
printed  on  the  teletypewriter  and  followed  by  a  hyphen.  The 
corrected  data  is  then  entered.  The  program  automatically 
prints  the  number  in  the  n°xt  location  and  a  correction  can 
be  mad°  if  required,  (" f  no  data  is  entered  before 

space,  a  zero  is  written  into  PAM  in  olace  of  the  previous 
contents.)  The  RESET  button  is  pressed  to  terminate  ^he 
MEMORY  EDIT  mode.  The  same  pr oceedu  r=  is  folio  wed  to  e  ’it 
entries  in  the  Probe  Control  table,  vhie1'  is  stored  in  p?.M 
beginning  a*  address  lUDO".  ?h~  VWMD°Y  PISP1AY  -ode  can  he 
reentered  following  memory  EDIT  for  a  final  check  of  the 
entries  in  the  tables. 

An  experienced  operator  can  also  enter  new  machine 
language  programs  using  the  MEMORY  EDIT  mode.  (The 
organization  of  ROM  and  RAM  is  shown  in  Fig.  7.)  The  nnt 
section  describes  how  microprocessor  control  is  transferal 
to  such  a  program. 
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7.  RESTART  Mode 

The  operator  enters  "7".  On  entering  this  node, 
microprocessor  control  is  transfered  to  the  address 
entered  following  the  selection  number  and  a  space.  Por 
example,  a  machine  language  proqram  beginning  at  RAM 
location  1600H  would  be  executed  bv  entering  the  selection 
number  "7"  and  a  space  followed  by  "16,  soace,  00,  space". 

The  RESTART  mode  is  terminated  by  pressing  RESET. 
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III. 


PROS*  AND  TRAVERSE  MECHANISM 


A.  GENERAL  DESCRIPTION 

Pneumatic  probes,  such  as  that  shown  in  Figure  8(a) .  are 
frequently  used  in  turbomachinery  applications  to  determine 
the  pressure  distribution  and  flow  direction  between  blade 
rows.  The  flow  direction  at  a  given  1  oca  tion  is  partially 
determined  by  rotating  the  probe  until  the  differencial 
pressure  between  two  side  ports  (see  Fig.  8(b).)  is  zero 
("yaw"  balance).  In  this  conlition,  the  complete  velocity 
vector  can  be  determined  from  the  pressures  registered  by 
the  different  probe  ports  with  reference  to  calibration 
charts  or  equations.  "law"  balanced  probe  readinas  are 
recorded  at  intervals  across  the  flow.  The  Probe  ^  ra  vers  i  net 
Mechanism  (?TM) ,  shown  in  Figure  9.,  was  desianed  to 
position  and  balance  the  pneumatic  probe  durinu  a  survey 
under  remote  control. 

The  mechanism  can  be  operated  ir.  three  modes:  "ranual" , 
"semi-automatic"  (automatic  vaw-balance  and  manual 
traverse) ,  and  "f ullv-automatic"  operation  under  control  of 
MIDAS  IV.  In  the  manual  mode,  the  .operator  controls  the 
angular  and  vertical  positions  of  the  probe  using  the 
control  panel  shown  in  Figure  IQ.  This  mode  is  used  for 
check-out  measurements.  It  can  also  be  used  during  a  test 
if  it  is  safe  for  the  operator  to  be  in  the  test  cell.  Tn 
the  semi-automatic  mode,  the  side  pressures  (Fig.  8(b).)  are 
applied  to  a  differencial  pressure  transducer  which  produces 
a  control  signal  for  the  angular  probe  drive.  This  enables 
the  probe  to  track  the  "yaw"  direction  automatically  while 
the  traversing  movement  is  controlled  mannuallv.  In  the 
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third  mode,  f ully- au tomati c ,  the  probe  is  moved  totally 
under  program  control  of  MIDAS  IV.  "lav"  balance  is 
maintained  as  in  the  semi-automatic  mode,  and  the  transverse 
motion  is  controlled  by  the  microprocessor  according  to  the 
programmed  entries  in  the  Probe  Control  table  (see  Section 
II- F)  . 

B.  HARDWARE  COMPONENTS 

1 •  Tra  verse  Mechanism 

^he  traverse  mechanism  was  designed  to  accommodate 
probes  having  a  shaft  liameter  egual  to  0.2f  inch  with  a 
shaft  length  of  at  least  12  inches.  A  variety  of  probe 
types  can  therefore  b^  use’.  Details  of  the  probes  are  not 
given  here.  The  application  of  thrt  mechanism  is  described 
with  reference  to  the  Probe  shown  in  Figure  B(a). 

The  Probe  Traverse  v,‘=char.  ism  v  a  ^  developed  from  an 
existing  motorised  probe  drive  of  uncertain  identity.  Tt 
was  necessary  to  change  gearing  on  the  transverse  drive,  to 
add  position  potentiometers,  and  to  i^sign  mounting  hardware 
for  the  probe  and  for  attachment  of  the  mechanism  itself. 
Figure  9.  shows  the  components  of  the  traversing  mechanism. 
As  the  probe  rotates,  the  rotational  displacement  is  tracked 
by  a  Cervex  potentiometer.  Transverse  displacement  is 
tracked  by  the  linear  potentiometer,  and  limit  switches  are 
provided  to  protect  the  components  in  event  of  a 
malfunction.  Connecting  cables  between  the  traversing 
mechanism  and  the  control  panel  can  be  disconnected  for  ease 
of  set-up. 

The  mounting  plate  for  the  PTM  was  designed  for  the 
4-bolt  pattern  used  throughout  the  Naval  Postgraduate  School 
Turbonachinery  laboratories.  Thus,  the  PTM  can  b°  used 
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without  modification  on  different  pieces  of  test  equipment. 
The  PTfl  base,  the  angular  potentiometer,  and  the  orientation 
of  the  probe  in  the  PT1  are  adjustable,  which  provides 
flexibility  when  space  is  limited. 

2.  Control  Panel 

The  control  panel,  shown  in  Figure  10,  is  used  when 
operating  in  all  modes.  The  panel  contains  the  drive 
circuits,  the  power  supplies,  and  the  interface  connections 
to  the  FTDAS  IV  system.  The  control  panel  operates  on  110 
volt-50Hz  AC  power  and  is  located  within  a  few  feet  of  the 
PT!1.  The  connect!  on  to  *10  AS  IV  is  not  necessary  for  manual 
or  semi- automatic  onyr a t i yn ^ 

C.  operation 

1 .  Set  Uo 

The  probe  is  held  in  the  Probe  Traversing  Mechanism 
by  three  nvlon-tipped,  set  screws  in  a  collar  at  the  top  of 
the  mechanism.  Thus  th°  probe  can  be  installed  in  any 
desired  position.  In  the  semi  or  full y-autonatic  modes,  the 
differential  pressure  transducer  must  be  connected  to  '■he 
cortrol  panel  which  contains  the  transducer  power  supply. 
The  pneumatic  pressure  lines  must  be  connected  without 
leaks,  between  the  transducer  and  the  #2  and  -3  probe 
pressure  outlets.  (See  ^ig  8(b).)  For  operation  with  the 
M I b A S  IV  system,  tho  transverse  drive  and  potentiometer 
circuits  are  also  connected.  (See  Fig.  C.3.)  When  the 
power  switch  is  turned  on,  the  PTM  is  ready  to  operate. 
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2.  and  Semi-automatic  Modes 


Switches  are  provided  on  the  Control  Panel  (Fig. 
10.)  for  manual  operation  of  the  PTM.  The  translational  and 
angular  drive  motors  are  controlled  by  the  operator.  In  the 
semi-automatic  mode,  the  angular  setting  of  the  probe  is 
automatically  controlled  by  a  feedback  circuit  in  which  a 
gain  adjustment  is  provided.  If  the  gain  is  too  high  the 
probe  continues  to  "hunt”  for  the  balarce  condition.  Tf  the 
gain  is  too  low  the  probe  does  not  follow  the  flow  direction 
accurately.  The  gain  can  be  adjusted  by  the  operator.  A 
water-filled,  U-tube  manometer  which  measures  pressure 
differential  between  th°  probe  side  ports  is  a  good 
indicator  of  correct  or  incorrect  adjustment. 

3 .  Automatic  Mode  Using  ^TOAS  TV 

In  this  mode  of  operation  the  MI"* AS  IV  provides  the 
signal  that  powers  the  translational  movement  of  the  pros°. 
The  control  program  in  V!D\S  IV  allows  movement  of  the  probe 
in  multiples  of  0.01  inches.  Since  the  automatic  angular 
tracking  circuit  also  operates  in  this  mode,  the  probe  is 
maintained  in  allignment  with  the  flow  direction  as  it 
translates  from  one  position  to  another. 
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CONCLUSIONS 


The  MIDAS  IV  data  acquisition  and  control  system  has 
been  built,  programmed  and  initial  tests  have  been  made  with 
a  traversina  probe  mechanism.  While  experience  with  the 
application  of  the  system  has  been  limited  so  far,  several 
conclusions  can  be  stated: 

A  wired  interface  between  the  MIDAS  IV  and  the  Hewlett- 
Packard  9830A  calculator  is  a  feasible  and  desirable 
modification  of  the  present  system.  Ev  bypassing  the 
teletype  printing  and  punching  operations,  the  time  to 
complete  ?  data  scar  is  creately  reduced.  furthermore,  th° 
need  to  handle  paper  tape  is  eliminated,  enabling  on-line 
reduction  of  data.  The  interface  is  straightforward  since, 
as  with  the  teletype,  MIDAS  IV  I/C  operations  use  A^CTT 
serial  forma4-,  and  teletype  interface  kits  are  available  for 
the  HP  9  9  ?0  A . 

A  further  improvement  in  scan  rate  would  obtain'd  ^v 
replacing  the  presen4:  Dinitec  D7M  with  a  more  recent 
solid-state,  high-speed  A/D  converter.  This  modification 
would  involve  the  cost  of  the  new  converter  and  possiblv 
minor  chanaes  in  the  presen4-  software.  'io  chances  in  the 
present  software  would  be  necessary  i c  the  replacement 
converter  output  is  in  '•’he  same  format  as  the  oiaitec. 

More  experience  is  needed  to  determine  whether  the 
motors  on  the  probe  tra versing  n echan ism  should  be  replaced . 
The  high  noise  level  of  the  present  motors  is  undesirable 
and  failure  of  electrical  components  may  occur  in  time.  Low 
noise,  brushless  motors  are  commercially  available  should 
this  modification  be  necessary. 
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The  MIDAS  IV  is  a  fully  flexible  system  and  is  not 
limited  to  turbomachinery  applications.  Since  the  signal 
conditioners  are  designed  to  accept  any  uheatstone  bridge, 
poten tiometric  or  thermocouple  input,  other  applications 
might  include  structural  analysis  using  strain  gages,  or 
wind  tunnel  testing. 

The  concept  of  substituting  software  for  hardware  in  a 
data  acquisition  system  is  beneficial  because  of 
flexibility,  reduced  maintenance,  ar.d  lack  of  complexity. 
If  a  system  component,  an  A/D  converter  for  instance,  is  to 
be  replaced,  changes  in  software  can  be  mace  easily.  Such  a 
replacement  could  be  difficult  in  a  system  using  only 
hard-wired  logic.  System  maintenance  is  simplified  since 
there  are-  fewer  components  to  fail,  and  the  ai.Cficultv  of 
fau It -finding  in  interconnected  hard-wirei  locic  circuits  is 
largely  eliminated. 
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TABLE  1(a).  OPERATIONAL  SPECIFICATIONS  OF 
MIDAS  IV 


1.  Completely  self-contained  system  for 

4  Scanivalve  inputs,  36  bridge-type  inputs 
or  thermocouoles ,  and  7  potentiometric  inputs 

2.  Individual  channel  monitoring  capability 

3*  Completely  programmed  for  all  operating 
functions 

4.  Programmable  convergence  specification 
for  each  channel 

5*  Programmable  sampling  time  delay  for  damped 
signal  input  on  each  channel 

6.  Automatic  non-convergence  and  overrange 
indication  on  all  channels 

7.  Random  channel  selection  and  calling  order 

8.  4 4  digit  A/D  with  sirr.al  conditioning 
capability  on  each  channel 

9*  Scans  and  records  up  to  30  channels/mi n. 

10.  Self-contained  F/V  for  RPM  measurement 

11.  Automatic  pneumatic  orcbe  positioning 
and  yaw  angle  bal lancing 

12.  Full  probe-position  recording  capabilities 

13*  Serial  I/O  for  direct  connection  of  ASR-33 
or  other  ASCII  compatible  devices 

14.  Self-  contained  power  supplies  for  Scanivalves, 
bridges,  and  probe  traverse  mechanism 
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TABLE  1(b).  TECHNICAL  SPECIFICATIONS  OF 
MIDAS  IV 


1.  Input  Points?  47 

2.  Measurement  Functions? 

A.  Thermocouples 

B.  DC  Voltages 

C.  Potentiometers 

D.  Wheatstone  Bridge  Applications 

3.  Resolution? 

A.  +0.2  mV  for  DC  (after  amolif ication) 

B.  0.01 %  of  full  scale  for  Thermocouples 

4.  Input  Impedance?  Determined  by  amplifier 

gain 

5«  Noise  Rejection?  80db 

6.  Digitizing  Technique?  Ramp 

7.  Display  Ran me s  +  13999  Digits 

8.  Calibration?  All  normal  adjustments  are 

labeled  on  upper  front  panel 

9«  Operating  Temperature?  10  to  $0  C 

10.  Power?  115  VAC  60Hz 

11.  Ventilation:  Small -exhaust  fan  on  rear  panel 

12.  Size? 

A.  Height  -  4  ft. 

B.  Deoth  -  2  ft. 

C.  Width  -  2  ft. 

13*  Weight?  150  lb. 

14.  Case  Construction: 

A.  12  gage  steel 

B.  8  gage  aluminum 


33 


TABLE  1(c).  ESTIMATED  COST  OF  MIDAS  IV 


Pro-Log;  Equipment  s 


MPS-805 

$790.00 

PROM  Chics  (14) 

490.00 

ROM  Card  (#811 6) 

95-00 

RAM  Chics  (8) 

60.00 

I/O  Card  (#8113) 

105.00 

Relay  Card  (#8402) 

120.00 

MIDAS  IV  Kardv.-are: 

Datel  F/V  (VFV-10K) 

59.00 

Date!  i'ul  t  iclexer  (3) 

(MM-16) 

337.00 

Signal  Ccr.di cloning 

Cards  (43) 

1035.00 

Dir i tec  A/D 

650.00 

Thu  rev.-  heel  S  w  itch 

20.00 

LED  Di  sdav 

10.00 

5  Pin  Connecters  (43) 

75.00 

14  Pin  Connecxors  (4) 

8.00 

Power  Succlies 

190. 00 

Power  Sw inches  and 

Circuit  Breakers 

10.00 

foetal  Case 

230.00 

Probe  Traversing;  Systems 

Probe  Traversing 

Mechanism 

750.00 

Probe  Control 

Panel 

283.00 

ASR-33  Teletypewriter 

800.00 

TOTAL  ESTIMATED  COSTs 


1660.00 


269^.00 


1035.00 

800.00 

6189.00 
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TABLE  11(a) .  PHYSICAL  SPECIFICATIONS  FOR 
PRO-LOG  MPS-805 


Physical 

Three  4.5*'  by  6.5**  printed  circuit  cards 

-  One  SI  I  I  CPU  card 

-  One  8114  Input  card 
—  One  SI  15  Output  ward 

-  One  81  16  ROM  card 

-  One  81  17  RAM  ward 

Connector  Requirement  for  each  card 

56  pm.  23  portion  dual  rc3d-out  on  0. 1  25  centers 

CPU  Card  includes 
8003  CPU 
Cr>  stal  dock 

Address  latches,  data  buffers,  and  control  decode  circuits. 
Po^er-on  and  external  restart 
DMA  buffers. 

ROM  Card  includes 

One  1702A  PROM  (256  bytes)  and  eight  PROM  sockets 
Socket  for  card  expansion  circu.t  {up  to  S  cards) 

RAM  Card  includes 

Lipht  2102  RAM  (1024  b>  tes)  and  thu  tvt*o  RAM  sockets 
Socket  for  card  expansion  circuit  ( up  to  4  cards) 

Input  Card  includes 

32  TTL  input  selector  circuits  addressable  in  groups  of  8 
Socket  for  card  expansion  circuit  (up  to  2  cards) 

Output  Card  includes 

32  TTL  output  latch  circuits  addressable  in  groups  of  8 
Socket  for  card  expansion  circuit  (up  to  6  cards) 


35 


s. 

= 

I 


r  c 

l  2 


vn 

o 

oo 

i 

m 

PH 


1 

I 


5  ^ 


5> 
£ 
x 

.5 

*  1  5 

S  £  .  i 
?  *  fl 
•K  ^  i 

■=  £  £  = 
'  *  =  §» 
2  ^  -  S. 

-S2-- 

-  w  ^  £ 

■Mil 


-o 


*  5 
11 
£•  < 


|1 

-  : 

O  w 

II 


:h 

-;  -a 
i 

X 


o 

o 

HH 

I 

o 

cc 

Pu 

CZ 

o 

Cl, 

co 


cr* 
< 
o 
1 — 

c^ 

M 

o 

p, 

CO 

< 


Ch 

< 

a: 

p< 

o 


t: 
> — ■ 
po 

< 

E-* 


36 


TABLE  III.  CONNECTOR  ALLOCATION 


CONNECTOR 

NUMBER- 

USE 

1  -  4 . 

5  -  40 . 

TRANSDUCER  INPUTS 

41  -  47 . 

48 . 

49 . 

CONTROL 

50 . 

51  -  54 . 
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TABLE  IV.  MODE  SELECTION  NUMBERS 


MODE  SELECTION  MODE 

NUMBER 


DESCRIPTION 


0 


MIDAS  IV  TYPES  OUT  A  LIST  0? 

HEADER  THE  MODE  SELECTION 

NUMBERS 


1 


2 


3 


CALIBRATION 

PROGRAM 

SCAN 


READ  TAPE 


ALLOWS  THE  SELECTION 
OF  EACH  CHANNEL  FOR 
CALIBRATION  PURPOSES 

1)  THE  R ETUI  RED  SETJENCE 
OF  CHANNELS  TO  EE  SCANNED 
CAN  BE  PROGRAMMED ,  WITH 
PROVISION  FOR  ENTERING 
ALLOV/ABIE  NOISE  LEVELS 
(SCAN  CONTROL  TABLE) 

2)  THE  REQUIRED  SEQUENCE 
OF  PROBE  MOV EVEN I S 

CAN’  BE  PROGRAMMED 
(PROBE  CONTROL  TABLE) 

ALLOWS  PROGRAMMING  OF 
RAM  VIA  PAPER  TAPE  INPUT 


4 


DATA 

ACQUISITION 


PERFORMS  THE  SEQUENCE 
OF  PROBE  MOVEMENTS  AN 
CHANNEL  SCANS  REQUIRE 
OUTPUTTING  DATA  ON  TH 
PAPER  TAPS 


5 

6 


MEMORY 

DISPLAY 


PRINTS  CONTENTS  Or  ROM 
OR  RAM  BETWEEN  ADDRESSES 
REQUESTED 


MEMORY 

EDIT 


V/ RITES  OVER  THE  CONTENTS 
OF  RAM 


7 


RESTART  TRANSFERS  MICROPROCESSOR 

CONTROL  TO  A  DESIRED 
ADDRESS  AND  BEGINS 
EXECUTION  THERE 
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TABLE  V.  MIDAS  IV  PROGRAM  SUBROUTINES 


1. 

3CDHEX 

CONVERTS  DECIMAL  NUMBER  TO  BINARY 

NUMBER 

2. 

CALIB 

CALIBRATION  SUBROUTINE 

3- 

CHANNEL  ORDER 

CHANNEL/PORT/ERROR/TIME  INFORMATION- 
STARTS  AT  1100H 

4, 

CONVERGE 

CALLS  "DIG I TEC "  UNTIL  TWO  SUCCESSIVE 
VALUES  CONVERGE.  RETURNS  AVERAGE 

VALUE  OR  15000  IF  NO  CONVERGENCE. 

5. 

DATA OUT 

OUTPUTS  CHANNEL,  PORT  NUMBERS  AND  DATA 

6. 

DIGIT2C 

READS  BCD  VALUE  FROM  DIG I TEC  AND 

RETURNS  THE  BINARY  EQUIVALENT 

?• 

DISPLAY 

CONTROLS  THE  LED  DISPLAY 

8. 

FORMAT 

AID  TO  OUTPUT  FORMATTING 

9. 

HEX  PAIR 

CALLS  TTYTN  TWICE  AND  RETURNS  A 

BINARY  NUMBER  PAIR 

10. 

MONITOR 

PROGRAM  TO  SELECT  THE  DIFFERENT 

MODES  0?  OPERATION 

11. 

MULTIPLEX 

OPERATES  MULT  I PLSXERS 

12. 

NEXT 

TYPES  "...TYPE  THE  NEXT  SELECTION  NUMBER" 

13. 

ON’S  OUT 

OUTPUTS  A  SINGLE  BINARY  NUMBER 

14. 

PAIR OUT 

OUTPUTS  A  PAIR  0?  BINARY  NUMBERS 

15. 

PROBE  ORDER 

PROBE  INFORMATION  INPUT-  STARTS  AT  1400H 

16. 

READ  CORE 

READS  CONTENTS  OF  ROM  OR  RAM 

17. 

READ  TAPE 

READS  A  PAPER  TAPE  INTO  LOCATIONS 

1100H  AND  1400H 

18. 

SCANV 

OPERATES  SCANT VALVES 

19- 

START 

DATA  ACQUISITION  SUBROUTINE 

20. 

TTY  IN 

INPUTS  ASCII  BINARY  CHARACTER  FROM 
TELETYPEWRITER 

21. 

TTYOUT 

OUTPUTS  ASCII  BINARY  CHARACTER  TO 
TELETYPEWRITER 

22. 

WRITE  CORE 

WRITES  ONTO  RAM 
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TEST 

CELL 


DRIVE 

TURBINE 


TEST 

COMPRESSOR 


PROBE 

DRIVE 


PNEUMATIC  LINES 
(1^2) 


STRAIN  GAGES 
TORQUE 
FORCE 

DIFFERENTIAL  PRESSURE 
RPM  (MAGNETIC  FLUX  CUTTER) 

TEMP  (THERMOCOUPLES) 

POSITION  (POTENTIOMETERS)  \/  LIMES  \/ 


48  PORT 

SC  ANIVALV 

SS  (4) 

pr  n 

L 

\  CUIPIJ 

MIES 


CONTROL 

ROOM 


MIDAS  IV 

DATA  ACQUISITION  AND 
CONTROL  SYSTEM 


TELETYPEWRITER 


DATA 

ROOM. 


V 

HEWLETT  PACKARD  HP -98 30 A 
CALCULATOR  SYSTEM  WITH 

1.  MASS  MEMORY  DISC  STORAGE 

2.  LINE  PRINTER 

3.  X  -  Y  PLOTTER 


Figure  la.  Laboratory  Arrangement  and  Function 
of  MIDAS  IV  (Schematic) 
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FTGURE  1(b) .  Test  CelL 


FIGURE  1(c).  MIDAS  IV  Console 
and  Teletype 
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Fin"SE  1(d). 


HP-9P30A  Data  Reduction 
Equipment 
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1. 

KPS- 80 5 

13. 

A  to  D  Converter 

2. 

Comoressor 

14. 

Scanivalve  Advance 

3- 

Mult  in lexer 

Button 

4. 

Signal  Conditioner 

15- 

Thumbwheel  Switch 

5- 

Scanivalve 

16. 

Display  Card 

6 . 

Probes 

17. 

LED  Display 

?. 

Relay  Card 

18. 

Teletvpe  Card 

8. 

PTM  Panel 

•19. 

ASR-33  Teletype 

9. 

Probe  Traverse  Mech.(PTK) 

20. 

Paper  Tape  Output 

10. 

Voltage  Divider 

21. 

HP-983OA  Calculator 

11. 

F  to  V  Converter 

22. 

Line  Printer 

12. 

Magnetic  Flux  Cutter 

23. 

X-Y  Plotter 

Figure  2.  Schematic  of  MIDAS 

IV  System 
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INPUT 

"0" 
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TYPES 
LIST  OF 
MODE 

SELECTION 
NUMBERS 
ON  THE 
TELETVPE 


Figure  6. 


CALIBRATION  PRODRAM 

MODE  SCAN 


READ 


Schematic  of  the  MIDAS  IV  Control 
Program  -  "MONITOR" 


48 


0. 


START 


ENTER 
SELECTION  NUMBER 


DATA 

ACQUISITION 

MODS 


MEMORY 

DISPLAY 

MODE 


MEMORY 

EDIT 

MODE 


- - 1  - - 

1 

1 

1 

I 

INPUT 
"Z4. " 

INPUT 

II  ^  It 

INPUT 

"6" 

INPUT 

II  ry  it 

RESTART 

MODS 


v 

© 


Figure  6.  (cont.)  Schematic  of  the  MIDAS  IV  Control 
Program  -  "MONITOR" 
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igure  7.  Memory  Allocation  Map  for  MIDAS  IV 
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FIGURE  8(a).  Pneumatic  Probe  for  Flow  Surveys- 
View  of  the  Probe 
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THREE  HOLE  PROBE:  PORT  #1  TOTAL  PRESSURE 

PORTS  42  AND  4j>  YAW  ANGLE 
INDICATORS 


FIVE  HOLE  PROBE: 


PORT  4 i  TOTAL  PRESSURE 

PORTS  42  AND  #3  YAV/  ANGLE 
INDICATORS 


PORTS  #4  AND  ^5  PITCH  ANGLE 
INDICATORS 


FIGURE  8(b).  Pneumatic  Probe  for  Flow  Surveys- 
Pressure  Port  Locations 
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APPENDIX  A. 


MIDAS  IV  HARDWARE  MANUAL 


A .  1  PRO-LOG  MPS-805  MICROPROCESSOR 


The  microprocessor  used  ir  MIDAS  TV  is  a  modified 


version  of 

the  Pro-Log  Model  MPS-805 

,  the  specifications 

which  are  given  in  Tables  II  (a)  and 

11(b)  .  Schematics 

the  cards 

in  the  MIDAS  IV  microprocessor  are  contained 

the  following  Pro-Log  drawings: 

1. 

CPU  CARD  (9111)  5. 

IVPUT  30ARD 

(8  114) 

*100308 

4100320 

#100305 

4100317 

2. 

ROM  CARD  (fi  1 1 6)  6. 

OUTPUT  BOARD 

(9115) 

#100328 

4100324 

4  100325 

4100321 

3. 

RAM  CARD  (3  117)  7 . 

RELAY  30APD 

(94  °2) 

*  100332 

*100333 

#10032° 

4100336 

4  . 

I/O  BOARD  (3113) 

*100316' 

4  10031  3 

The  MIDAS  IV  uses  one  additional  I/O  card  (*9ii3)  and 
one  additional  ROM  card  (*8116) .  The  number  of  input  ports 
was  increased  from  4  to  5 .  PROM  capacity  was  increased  from 
2048  to  4096  words.  The  layout  of  the  cards  in  the 
microprocessor  is  shown  in  Figure  Al,  and  a  side  view  of  the 
relay  card  is  shown  in  Figure  A2. 

The  extra  wire-wrap  connections  required  for  these  cards 
and  the  original  connections  are  listed  in  Ref.  5.  The  I/O 
port  assignments  are  given  in  Table  A. I. 
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A. 2  MULTIPLEXER  BOARDS 


Three  16-input  Datel  Model  iy*-16  multiplexers  are 
mounted  on  boards  contained  in  a  separate  chassis  above  and 
to  the  right  of  the  MPS-805 .  Specifications  are  given  in 

Ref.  3. 

Figure  A3,  is  a  schematic  of  the  multiplexer  circuit  and 
identifies  the  pin  allocation  of  the  card. 

A. 3  SIGNAL  CONDITIONERS 

Signal  conditioning  circuits  jrn  incorporated  in 
channels  1  to  47  to  enabLe  the  analog  incuts  to  be  scaled  *o 
±1.39?Q  volts  at  the  DVd.  The  circuit  ^iaqram  for  chanrels 
1  to  40  is  shown  in  Fio.  A4.,  and  notes  are  oiven  in  the 
figure  for  the  differences  in  channels  4  1  to  4 .  Th® 
adjustments  described  in  the  following  paragraDhs  are 
carried  out  in  the  CAI.IS??  TIC*!  node. 

A.  3.1  Amplifier  Ally  ~>t  men  ts 

The  sicnal  conditioners  use  SIGNSTTCy*74  1  operational 
amplifiers  [Ref. 5], 

1.  The  amplifier  gain  is  fixed  bv  the  value  of 
the  input  resistance  R3  (Fig.  A4.)  according  to 
the  relation: 

Gain  =  R4  /  ^3,  where  ?4  =  100,000  ohms 

2.  The  amplifier  offset  is  set  to  zero  by 
connecting  test  points  1,  2,  and  3  together 
(Fig.  3.  and  Pig.  A4.),  and  adjusting  R6  to 
give  a  zero  reading  on  the  DVM . 

3.  The  amplifier  output  is  set  to  zero  by 
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disconnecting  the  transducer  input,  shorting 
test  points  1  and  3  together  and  adjusting  B5 
to  give  zero  voltage. 

A. 3. 2  Calibration  of  Channels  1-40 

The  signal  conditioners  on  channels  1  to  40  were 
designed  to  be  used  with  strain  gage  transducers  (for  force, 
torque  or  pressure  measur aments)  and  with  thermocouples. 

Strain  qa_ae  inputs:  A,  B,  C,  2nd  D  (Fig.  A 5.)  are 

used  to  complete  a  Wheatstone  bridge  circuit  through  the 
tra  nsducer. 

1.  The  bridge  is  balanced  to  zero  using  ?2 
(labelled  "bal"  in  tho  upper  fron*  panel  shown 
in  Fig.  3. ) 

2.  The  range,  or  span,  is  set  using  21 
(labelled  "span"  in  the  upper  front  oun^l  shown 
in  Fig.  3.) 

3.  A  previously  calibrated  input  can  be 
checked  using  a  ^ixed  known  resistanc0  in  the 
following  wav: 

i)  Connect  the  resistance  across  tost 
points  2  and  3  (shunting  one  lea  of  the 
bridge)  and  record  the  DVF:  reading. 

ii)  Connect  the  resistance  across  test 
points  1  and  2  and  record  the  D7 M  reading. 

i ii)  If  the  voltages  agree  with 
established  calibration  values,  no 
adjustment  of  HI  and  ?2  is  r.ecessarv . 
Otherwise  31  and  R2  must  be  adjusted  to 
produce  the  correct  calibration  values. 

Thermocouple  Inputs:  Thermocouples  are  connected  as 
shown  in  Fig.  A5.  Since  thermocouples  are  low-level  voltage 
sources  (the  voltage  is  the  analog  of  the  temperature  being 
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measured)  the  power  supply  is  not  needed.  The  amplifier 
gain  required  is  considerably  higher  than  for  strain  gage 
inputs. 

A.  3.  3  Calibration  of  Channels  U  U  7 

The  signal  conditi oners  on  channels  41  to  47  were 
designed  to  be  used  with  po tentiometr ic  inputs.  The  20,000 
ohm  resistors  on  either  side  of  P2  in  Fig.  A4.  are  bypassed, 
and  pins  A,C,  and  D  are  connected  as  shown  in  pig.  A5.  The 
calibration  is  in  two  steps: 

1.  The  potentiometer  is  snt  to  onp  limit  of 

travel  and  92  ("bal")  is  adjusted  to  give  zero 

voltage. 

2.  The  po t °n t i otr e t ° r  is  set  to  the  other  limit 
of  travel  and  EM  ("span")  is  set  to  a  ^esired 
maximum  voltaae.  (The  maximum  is  ±1.39°9 
volts,  sev  bv  the  DVM.) 

A. 4  F ? E 0 U ° N C Y  TO  VOLTAGE  CONVEPTF? 

A. 4. 1  C 1 rcn i f  Inscription 

A  frequency  to  voltage  (F/V)  converter  is  used  at 
the  input  of  channel  49  to  allow  the  measurement  oc  PPM. 

A  magnetic  flux  cutter,  consisting  of  an  iniuctpice 
sensor  passed  by  an  indented  wheel  mounted  on  the  drive 
shaft,  generates  a  pulsed  signal  at  a  frequency  proportional 
to  the  PPM  of  the  turbine  (Fig.  AS.).  The  F/V  converter 
card  detects  the  frequency  and  produces  a  voltage 
proportional  to  the  frequency.  A  schematic  of  the  card  is 
shown  in  Fia.  A3.  Specifications  for  the  Datel  Model 
VFV-10K  F/7  converter  are  aiven  in  Pef.  9. 
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The  F/V  card  produces  1  volt  per  lOKHz.  To  adjust 
to  the  range  of  the  A/D  converter  (±1.3999  volts)  th<=*  F/V 
card  output  is  fed  through  a  10:1  voltage  divider  to  the 
channel  4fi  input.  Using  an  indented  wheel  with  6  teeth,  the 
DVM  reading  from  0  to  1.0  volts  corresponds  to  a  shaft 
rotation  rate  of  0  to  100,000  RPM. 

A.  4. 2  Ranoe  Adjustment 

The  range  adjustment  proceedures  are: 

1.  Place  the  toggle  switch  shown  in  Fie.  A"7, 
in  the  "calibrate"  position. 

2.  Select  channel  48,  in  the  CALIBRATION  me  l1. 

3.  With  a  stationary  shan't,  adjust  h  e  areen 
trim  pot  for  zero  at  the  DVV.  (Fio.  A-7.) 

4.  Irout  a  10,000  Hz  sional  from  a  fr°nuencv 
generator  on  pins  A  ar.d  C  of  *-he  40  Din 
connector.  Place  toggle  switch  in  th°  "normal" 
posit  ion. 

5.  Adiust  the  tan  color-''7  trim  tot  ("eain 
adj.",  Fin.  A7.)  to  civ«  0.1000  volts  on  thr 
DVr . 

6.  Disconnect  th°  frequency  generator.  This 
completes  the  adiustnent. 

A. 5  SCAUIVAI.VE  CONTROLS 


The  Scar.ivalve  is  a  commercially  produced  pneumatic 
switch  that  selectively  connects  one  of  several  input  ports 
to  a  pressure  transducer  contained  in  the  unit.  The  Naval 
Postoraduate  School  Turbomachinery  Laboratories  uses  two 
types  oc  Scanivalves,  one  with  24  ports,  the  other  with  48 
ports.  Th=>  MIDAS  TV  system  car.  control  up  to  four 
Scanivalves,  thus  mu  It  i  plex  in  cr  up  to  196  pneumatic 
connections  into  four  input  channels. 
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The  Scarivalve  responds  to  two  commands,  "Home"  and 
"Advance".  "Home"  causes  the  Scanivalve  to  be  stepped  until 
the  first  port  is  selected.  "Advance"  steps  the  Scanivalve 
one  port  at  a  time. 

Fig  A9.  shows  the  Scanivalve  "Advance"  and  "Home" 
circuitry.  When  MIDAS  TV  selects  a  Scanivalve,  the  GRODNO 
for  that  Scanivalve  is  completed  through  the  Pro-log  Relay 
Card  (8402).  The  "Address"  and  "Home"  sicnals  are  sent  *■  o 
all  the  Scanivalves,  but  only  the  one  with  the  completed 
GROUND  responds.  Table  A.  IT.  lists  the  pin  allocations  for 
all  connectors,  including  SI  throuch  54,  which  carry  the 
Scanivalve  control  siqnals. 

A.  6  ANALOG  TO  DIGITAL  C0N7?P™£P  (PTO-T-nFC) 

A . 6 . 1  Description 

The  Dioitec  digital  voltmeter  converts  an  analoa 
input  voltage  within  the  range  ±1.3OQ9  volts  into  a  4  1/2 

BCD  output. 

The  specifications  for  the  Digi^ec  Model  251-3  used 
in  MIDAS  IV  are  given  in  Def.  4. 

A. 6. 2  S a m n  1  o  Rape  and  IppP2Ed.ii2H  ZlEf 

The  sample  rate  of  the  Dioitec  is  adjustable  between 
0  and  5  samples/second.  The  integration  time  (For  example, 
the  time  for  the  analog  voltage  to  be  measured)  is 
independent  of  the  sample  rate,  and  it  is  possible  to  samDle 
at  intervals  shorter  than  the  integration  time. 

The  MIDAS  IV  is  programmed  to  compare  up  to  16 
successive  readings  (samples)  and  test  for  convergence 
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within  a  prescribed  limit.  The  upper  section  of  Fig.  A10. 
illustrates  that  it  is  possible  to  sample  16  times  before 
the  analog  value  is  measured.  This  is  avoided  in  two  ways: 

1.  By  slowing  the  DV.M,  sample  rate  (illustrated 
by  the  center  section  of  Fig.  A10-). 

2.  By  increasing  th°  time  delay  in.  *-he  Scan 
Control  table  (illustrated  by  the  lower  section 
of  *ig.  A10.).  Vote:  A  delay  time  of  0.7  sec. 
(obtained  by  entering  07  in  the  "Time"  column 
of  the  Scan  Control  table)  is  usually 
sufficient  to  allow  the  DV1  to  complete 
integration. 

A. 7  DISPLAY  CARD  A*JD  LED  MODULES 


Five  5-by-*7  matrix  liaht  e~ii*-t;na  diode  (LED)  modules 
display  the  channel  and  port  T'umhQrs  current1,  y  selected. 
The  information  is  s^nt  to  th°  displav  card  fron  vhe 
microprocessor  in  PCD  format.  The  information  ;s  "latched" 
by  following  the  initial  airplay  card  input  with  the  sam° 
information  "or"-ed  with  C  0  H .  (shir.  is  a  latcv  enable 
sianal  being  sent  to  ^!>.p  display  card  ant  is  or.ly  necessary 
due  to  hardware  design.) 


A  schematic  of  the  circuit  of  t  h^  Display  Card 
in  Fia.  All.  Specifications  for  the  Lrr'  modules 
in  Ref.  10. 


is  given 
are  oiv<^n 
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A. 8  TELETYPE  TNTERF ACE 


^he  function  of  the  teletype  interface  card  is  to 
process  the  output  of  the  telety pevri ter  in  order  to 
eliminate  transients  (such,  as  are  due  to  bounce  in  the 
mechanical  contacts)  and  to  insure  that  the  TTL  voltaae 
levels  of  0  and  5  volts  are  maintained. 

A  schematic  of  the  teletype  interface  card  is  given  in 
Fig.  M2. 
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TABLE  A. I.  I/O  PORT  ASSIGNMENTS  FOR  MIDAS  IV 


INPUT 

CARD  3 

INPUT 

'  CARD  3 

0-8 

Digitec 

ii 

8000 

1-8 

Digitec 

il 

80 

0-7 

4000 

1-7 

40 

0-6 

•  i 

2000 

1-6 

ii 

20 

0-5 

H 

1000 

1-5 

il 

10 

0-4 

•  i 

800 

1-4 

ii 

8 

0-3 

ii 

400 

1-3 

il 

4 

0-2 

ii 

200 

1-2 

n 

2 

0-1 

ii 

100 

1-1 

ii 

1 

INPUT 

CARD  3 

INPUT 

1  CARD  3 

2-8 

TTY  Input 

3-8 

2-7 

3-7 

2-6 

3-6 

2-5 

3-5 

2-4 

3-4 

Digitoc 

Planned 

2-3 

3-3 

Nov;  Ccnv 

ert  Puls s 

2-2 

3-2 

Po3 arity 

( l=neg) 

2-1 

Fort  Adv. 

3-1 

10,000 

INPUT 

CARD  4 

INPUT  CARD  4 

4-8 

Scan!  va.lv  a  80 

5-8  Thurt'-vhoo  1 - 

Qq 

4- 7 

Position-  Lq 

5-7  (Negative 

UO 

4-6 

(Negative  20 

5-6  Logic) 

20 

4-5 

Logic)  10 

5-5 

10 

4-4 

8 

5-c 

fi 

4-3 

4 

5-3 

4 

4-2 

2 

5-2 

2 

4-1 

i 

5-1 

1 

6  3 


TABLE  A.I.(cont)  I/O  PORT  ASSIGNMENTS 

FOR  MIDAS  IV 


OUTPUT  CARD  5 
0-8 

0-7 

0-6 

0-5 

0-4 

0-3 

OUTPUT  CARD  5 

1-8  TTY  Outout 
1-7  MPX  3  Enable 
1-6  MPX  2  Enable 
1-5  MPX  1  Enable 
1-4  MPX  A DDR 

1-3  MPX  A DDR 

0-2 

Probe  Up 

1-2 

MPX  A DDR 

0-1 

Probe  Down 

1-1 

MPX  A DDR 

OUTPUT  CARD  5 

OUT  PI 

’?  CARD  5 

2-8 

Di FDlav , D . 

p , 

3-8 

S.V.  Hone 

2-7 

Dinjit  Sel . 

h 

3-7 

Advance 

2-6 

n 

2 

3-6 

S.V.  Sel. 

2-5 

II 

1 

3-5 

if 

2-L 

BCD  Yal>e 

Q 

3-4 

ii 

2-3 

ii 

u 

3-3 

ii 

2-2 

ii 

2 

3-2 

ii 

2-1 

ti 

1 

3-1 

il 
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TABLE  A. II.  PIN  ALLOCATION  FOR  CONNECTORS 


CONNECTOR 

NUMBER 

PIN 

WIRE 

COLOR 

USE 

1-47 

A 

GRN 

GROUND 

B 

BLK 

SIGNAL  (-) 

C 

WHT 

SIGNAL  (-) 

D 

RED 

3RIDGS 

EXCITATION 

E 

YEL 

SHIELD 

48 

A 

GRN 

GROUND 

B 

BLK 

SIGNAL  (-) 
(NOT  USED) 

C 

WHT 

FREQ  INPUT 

D 

RED 

3RID0E 
EXCITATION 
(NOT  USED) 

E 

- 

SHIELD 

49 

A 

RED 

11  VOLTS 

3 

BLK 

(24  ga) 

"UP" 

C 

WHT 

" DOWN " 

D 

BLK 

(18  ga) 

GROUND 

E 

- 

SHIELD 

50 

A 

BLK 

OUTPUT  TO  TTY 

B 

RED 

OUTPUT  TO  TTY 

C 

GRN 

INPUT  fro:-.  ?t 

D 

WHT 

INPUT  FROM  TT 

E 

- 

SHIELD 

F 

- 

N/C 
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TABLE  A. II.  PIN  ALLOCATION 

FOR  CONNECTORS 

(CONT) 

CONNECTOR  PIN 

WIRE 

USE 

NUMBER 

COLOR 

51-5'+  A 

V/HT 

GROUND 

B 

V/HT 

GROUND 

C 

BLK 

+24  VOLTS 

D 

BLUE 

ADVANCE 

E 

CRN 

HOME 

F 

BRN 

1 

G 

ORG 

2 

H 

YEL 

4 

I 

- 

N/C 

J 

GRY 

8 

K 

VIO 

10 

L 

V/HT 

20 

M 

RED 

40 

N 

CRN 

ADDRESS 

STROBE 
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PROLOG  CARD  NO* 
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Figure  Al.  Front  View  of  PROLOG  *TS-805 
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Figure  A2.  PROLOG-8402  Relay  Card 


MECHANICAL  DIVL\$  o'. 3  (inji  'NPuT;OJTr'„T  CONNECT  CNS 


Figure  A3. 


Multiplexer  3oard 


Schematic 
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R  :  S?A%’  TRI".  PC? 

R2:  BALIARCE  TAT"  PC? 

Ry  IK PUT  RESISTOR 


Ru:  FEEDBACK  RESISTOR 
Ry  A'.'PLIFIER  ? ALLARC 
Ry  AMPLIFIER  OFFSET 


Rote  1.  1,2,  and  3  Are  Tort  Points  for  Amplifier 
Adjustment  ar.d  Signal  Calibration. 

Note  2.  For  Channels  M-^7,  the  20K  Resistors 
are  3yparsed. 


Figure  A.L.  Si  real  Conditioning  Circuit 
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PRESSURE 

TRANSDUCER 

OR 

STRAIN  GAGE 


THERMOCOUPLE 
(pin’s  a  a:;d  d 

NOT  USED) 


POTENTIOMETER 
(PIN  3  NOT  USED) 


Figure  A5- 


Input  Devices  to  Signal  Conditioner 


VOLTAGE 


ROTOR  SHAFT 


MAGNETIC 

FLUX 

DETECTOR 


Figure  A6.  Magnetic  Flux  Cutter  and  Its 
Electrical  Output 
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Figure  A8.  Frequency  to  Voltage  Converter 
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Figure  A9 •  Scanivalve  "Advance”  and  "Home"  Circuit 


VOLTAGE  VOLTAGE  VOLTAGE 


FIGURE  AlO.  DVM  Integration  and  Sampling  Rates 
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Co  a 


GRND 


Figure  All.  Schematic  of  Display  Card 
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Figure  A12.  Schematic  of  Teletype  Interface  Card 
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APPENDIX  B 


.  1IDAS  IV  SOPTWAP^  MANBAL 


B.  1  INTPODDCTIOH 

The  software  for  MIDAS  TV  was  written  in  PL/‘1,  a  higher 
level  lancuage  developed  for  microprocessors  hv  Intel 
Corporation.  References  11.  and  12.  v°re  used  in  *-h» 
generation  of  the  software  described  in  the  follow inn 
sections.  The  use  of  PL/11  rather  than  assembly  lanauaqe  vas 
intended  to  simplify  proa  ram  changes  and  debuen inq  for  all 
^u+ure  users. 

^ach  of  the  follovirn  sections  contains  a  brie* 
description  o^  a  proqram  subrou*-  ine.  Listings  or  +  he 
program  in  PL/M  and  sch^maitcs  of  f^e  rroorem  loqic  are 
located  at  the  end  o*  this  appendix.  The  subroutines  are 
descr  iKed  in  th"1  cries  that  fhev  appear  ir  t  v,  ^  o- /\  source 
file.  The  sequence  ir.  which  th"»  subroutines  c°  called  bv 
the  Control  Program  ,,vO'lirOR"  ,  and  by  other  subroutines  is 
shown  in  Table  b.I.  The  attempt  is  cade  in  the  ‘■ex'-  ♦  o 

describe  how  the  microprocessor  carries  out  the  separate 
tas^s.  The  program  listings  and  logic  are  T°edei  if 
alterations  tQ  the  soCf warn  become  necessary. 

The  proceedures  for  operating  th°  nr oq rams  and  for 
making  chanqes  to  the  software  are  given  in  Appendix  D. 
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B.2  ttytu  and  ttyoot 


These  subroutines  are  the  teletypewriter  T/0  drivers. 
They  are  software  equivalents  to  a  s°rial-to  -pacaLlel  and 
parallel-to-serial  shift  register, respectively .  when  T7YI!? 
is  called  it  returns  an  ASCII  character  pair  to  4-,he 
microprocessor  from  the  teletypewriter  operating  in  th^  LINS 
mode.  TTYO'JT  performs  the  reverse  operation.  As  can  b  « 
seen  in  the  program  listing,  a  time  delay  is  included  in  the 
data  transfer  process  *■  o  •"afch  ‘■h'1  processor  to  ^elervne 

[Ref.  13")  operating  at  a  pulse  rate  of  9  r.s=c.  A  PL'" 
library  subroutine  is  caLL°i  with  the  s*- a  t^rer.4-  "Call  Tice( 
)",  where  the  callir.o  argument  vrould  normally  determine  *'hr> 
delay  tine  in  units  of  0.1  msec.  Hovever,  since  rhe  PL/''  - 0 
compiler  was  wri*-‘-n"  for  mi croorocessors  uslnu  a  4 .  0 
micro-second  tine  base,  whereas  t‘>e  M?S-905  has  a  P.q 
micro-second  time  base,  the  "Gail  Time"  arguments  mas4-  be 
multiplied  by  u.o/2.q  or  aporoximatel v  1.U3.  qor  ex  a  mol*- f 
"Call  Tima  (100',"  on  a  microprocessor  with  a  '•» .  q 
micro-second  time  base  woull  aive  a  10  nsec  delay.  Sin~e 
the  ‘1PS-9Q5  nicroorocessor  wi*-h  a  2.  3  •"icro-  second  t i" ° 
base  ex°cutes  each  instruction  propor4:  ionaf  elv  "aster,  "rall 
Tine(1'43)"  is  required  to  generate  a  10  msec  delay. 

B.  3  HEY  PAIR  AND  PAI^OT 

HEX  PAIR  is  a  subroutine  fhat  converts  two  ASCTT 
characters  representing  a  hexideci.mal  pair  into  binary  code. 
Valid  inputs  are  00H  through  ?FF.  If  other  character2  are 
entered  an  error  in  conversion  results.  HEX  3  A  IP  calls 
TTYIN  (and  TTYOUT  t.o  provide  a  written  output  of  what  is 
input  at  the  keyboard)  to  allow  the  ASCII  characters  to  be 
input  at  the  teletypewriter.  The  value  of  " wo  r 1 "  is 
initialized  to  zero  and  th°n  the  in.out  is  checked  fo 
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determine  if  it  is  a  space,  020H.  If  it  is,  "word"  is 
returned;  if  it  is  not,  the  input  is  converted  from  ASCII  to 
binary  and  ''or"ed  with  the  "word”.  If  more  characters  are 
entered ,  only  the  two  characters  immediately  preceedin g  the 
space  are  taken.  The  others  are  shifted  to  the  left  and  out 
of  the  register. 

PAIR  00T  performs  the  opposite  function.  It  converts 
the  binary  code  of  a  hexidecimal  pair  into  tyQ  ASCII 
characters  and  outputs  the  result  via  TRYOUT  to  the 
teletypewriter. 

S.4  OlI^OUT,  BCD  HEY  ,  AMD  FORMAT 

OM^CCT  conver*  r  th=>  Himrv  cod^  of  a  eircl0  hexidec*,ral 
character  into  the  corr^spor 3 inq  ASCII  coi^  tvat 

character.  Then,  by  calling  TTVDPT,  ‘■he  character  is 
written  on  the  teletypewriter. 

BCDHEX  converts  a  '■wo  licit  3CD  cod<~-3  number  intm  i'-r 
birary  equivalent.  The  maximum  inDu*-  is  the  i°sinal  valu“ 
99. 

?ORvAT  is  a  subroutine  use1  in  formatting  th°  *eietvo® 
output.  The  inputs  are  the  ASCII  character  to  b°  outputted 
and  the  number  of  tines  it  is  to  be  repeated.  ?or  exannle, 
FOP  MAT  (0  2  AH  ,  5)  prints  "  *****"  on  the  teletype. writer. 
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B.  5  DIGITEC 


DIGITEC  interfaces  the  Digitec  D VM  with  the  MIDAS  TV 
system.  The  subroutine  reads  a  4-dioit  BCD-coded  decimal 
number  ,  checks  the  high  range  indicator,  and  records  the 
sign  of  the  voltage.  The  lata  is  then  converted  into  binarv 
code  and  a  constant,  "sign",  is  set  to  indicate  fche 
polarity . 

The  subroutine  can  be  used  with  any  0  7  M  which  outputs 
data  in  the  format  of  the  Diaitec.  If  a  3  1/2  digit  DV.M  is 
used,  the  four  most  significant  bits  of  the  high-half  of 
data  should  ^e  groundo-’  anl  the  "hiah  rnna«M  constant  should 
be  changed  from  10000  to  1000. 

Tf  the  DV '*  is  ovorranne,  the  subroutine  return?  a  value 
of  14000  since  1  ‘,OQQ  i °  the  maximum  rann°  of  the  Diaitec 
DVX . 


B.6  MULTIPLEX 

MULTIPLEX  controls  the  multiplexers.  The  channel  number 
is  converted  from  decimal  to  binary  code  and  the  aporopri=>te 
multiplexer  (one  of  three)  is  selected. 

r."7  sca:;v 

SCA>TV  controls  the  Scanivalves.  Th.°  calling  routine 
specifies  th'3  Scanivalve  number  (1  through  4)  and  the  port 
number  (1  through  *8)  .  SCAN7  enables  th3  selected 
Scanivalve  and  reads  the  current  port  address.  If  the 
address  is  not  equal  to  the  specified  mort  number,  SCAMV 
advances  the  Scanivalve  until  the  address  and  number  match. 

It  is  possible  to  enter  a  continuous  loom  if  tho 
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Scani valve  does  not  have  a  port  corresponding  to  the  desired 
£ort  nunber.  7or  example,  some  Scanivalves  have  only  even 
numbered  ports.  To  avoid  an  endless  search,  odd  numbers 
should  then  not  be  requested  with  this  type  of  Sea ni valve. ) 
Since  SCANV  creates  the  advance  pulse,  for  other  scannina 
systems  it  may  be  necessary  to  change  the  pulse  width  and 
repetition  frequency.  This  is  a  minor  proaram  chanae 
involving  only  the  limits  of  the  "Do"  loops.  The  execution 
of  the  loop  provides  a  10  msec  dalay.  Therefore  ''Do"  loon 
limits  of  1  to  8  provide  about  80  msec  of  delay.  The 
proceedure  for  these  changes  is  aiven  in  Appendix  D. 

B.P  DISPLAY 

DISPLAY  controls  L^D  display  which  shows  *-.he  channel 
and  port  r.umcers.  The  "allino  routine  soecifies  the  sic^, 
the  channel,  and  the  port  number.  Once  th^  values  are 
latched  into  the  L^D  1 iso lay,  ‘hey  are  retained  un-il 
charnel  by  DISPLAY.  The  sign  convention  is  cir»n  in  ‘he 
listing  of  the  DISPT.AY  subroutine. 

B.Q  DAT.AOUT 


DATAODT  receives  the  lata  in  binary  code  and  the  channel 
and  port  numbers  in  BCD  from  the  calling  routine.  DATAODT 
converts  the  data  from  binary  to  BCD  co’e,  thQn  outputs  +  he 
channel,  port,  and  data  followed  bv  carriaae  return  an'1  line 
feed  commands  via  OHEOUT  and  TTYO'JT. 
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B. 1 0  CONVFRGE 


CONVERGE,  when  given  an  error  tolerance  and  the  current 
line  number  in  the  Scan  Eontrol  table,  uses  the  line  number 
to  locate  and  read  the  time  delay  entered  for  the  selected 
channel  and  port,  and  delays  that  length  of  time  (in  tenths 
of  a  second)  before  calling  DIGITEC.  After  obtainim  a 
second  DIGITEC  reading,  the  two  values  are  checked  to  see  i* 
the  difference  is  less  than  the  specified  tolerance.  If  it 
is,  the  average  of  the  two  values  is  returned.  If  it  is 
no*- ,  the  subroutine  tries  lb  ti"<“s  to  meet  the  tolerance  *nd 
if  unable  to  do  so,  returns  1^000.  If  the  Digitec  is 
overrange,  CONVFRGE  refurns  14009. 

B .  1  1  START 


START  is  the  controlling  routine  for  the  data 
ACQUISITION  rode.  When  railed  hv  UONITOP,  START  tvp«s  '*0 
asterisks  on  the-  teletvpewr  it  t  irord^r  *■  o  give  »- 1  o  operator 

tire  to  turn  the  paper  munch  on  and  to  provide  a  leader. 

The  "Amount"  ertry  in  the  3robe  Control  tanle  is  checked  roz 
FF.  If  not  FF,  the  probe  is  moved  th°  specified  amount  (in 
hundredths  of  an  inch)  in  the  direction  specified  bv  *he 
"Direction"  en^rv  in  the  Probe  Control  table.  The  "Channel" 
entry  in  the  Scan  Control  table  is  nov  checked  for  FF.  Tf 
the  entry  is  FF,  control  is  transferred  to  where  fhe  Probe 
Control  table  is  checked.  if  the  entry  in  the  Scan  Control 
table  is  not  FF,  (1 0 L'T'T PL r X  is  called  with  »nua?nts  0, 
channel  number  ,  and  port  number,  and  latches  those  values 
into  the  irD  display.  if  the  channel  r umber  is  between  1 

and  4,  SC  A  NY  selects  the  specified  S  c  a  n i v  a 1 v  e  and  port 

required.  If  the  channel  number  is  above  four,  f'EA'IV  has  no 
effect.  The  error  tolerance  is  read  from  the  Scan  Control 
table.  CONVFRGE  and  DAIAOUT  are  called  and  control  is 
transfer-red  back  ^o  check  the  "Amount"  eatrv  in  the  probe 
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Control  table.  When  FF  is  encountered  at  this  point,  START 
ends  and  control  is  returned  to  MONITOR. 

B.12  CALI3 

CALIB  is  the  controlling  routine  for  the  CALIBRATION 
mode.  The  routing  is  22H looping  and  ^ust  be 
terminated  wit  h  the  RESF^  bu  tpoQi.  When  selected,  CALTn 

reads  the  thumbwheel  switch  and  calls  MULTIPLEX.  If  a 
Scanivalve  is  not  selected  by  the  particular  thumbwheel 
setting,  DISPLAY  latches  the  channel  number  and  00  (for  the 
port)  into  the  LCD  display.  If  a  Scanivalve  is  specified  by 
the  thumbwheel  settings,  an  enable  signal  is  sent  and  the 
port  address  is  read  from  the  Scanivalve.  After  calling 
DISPLAY,  the  cucrcrt  channel  and  port  are  latched  into  the 
LED's.  If  the  Port  Advance  pushbutton  is  pressed,  CALEB 
advances  the  Scanivalve  and  returns  to  read  the  thumbwheel 
switches  again.  The  rat^  at  which  the  Scanivalve  is 

advanced  when  the  Port  Advance  button  is  continousiv  pressed 
is  determined  by  fi:p  delav  loops  as  in  ‘he  SCA’-v 

subroutine. 

B.  1 3  CHANNEL  ORDEP  AND  PROBE  ORDER 

CHANNEL  ORDER  is  one  of  two  controlling  routines  in  the 
PROGRAM  SCAN  mode.  It  is  used  to  write  the  Scan  Control 
table  into  RAM  beginning  at  address  1100H,  using  HEVPAT3. 
CHANNEL  ORDER  continues  to  fill  RAM  until  FF  is  entered  in 
the  "channel"  column  of  the  Scan.  Control  table.  PROBE  ORDER 
is  then  called.  PR0Fr  ORD^R,  the  second  routine  in  ♦h® 
PROGRAM  mode,  writes  the  Probe  Control  table  into  RAM 

beginning  at  1U00H  and  continuing  until  FF  is  read  in  ‘he 
"Amount"  column.  When  PROBE  ORDER  is  terminated  with 
control  is  transferred  back  to  MONITOR. 
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B .  1  4  NEXT 


NEXT  is  a  short  routine  which  types  "Enter  the  next 
selection  number:"  before  control  is  transferred  back  to 
MONITOR. 

B. 1 5  READ  CORE  AND  WRITE  TORE 

READ  CORE  is  the  controlling  routine  in  the  MEdORv 
DISPLAY  mode.  Acter  calling  READ  CORE  ,  a  beginning  and  an 
ending  address  are  entered.  The  routine  types  the  contents 
of  memory  between  the  specified  addresses  including  the  line 
number  at  the  beginning  of  each  line  of  memory.  (An  example 

is  civ^n  in  Table  ^.Vi.)  If  the  first  address  is 

inadvertantly  entered  to  be  higher  than  the  ending  address, 
the  routir.°  will  at^omot  to  print  255  p^e^s  of  text.  The 
process  can  be  terminated  at  any  point  by  pressing  the  RES^T 
button . 

WRITE  COPE  is  tke  controllina  routine  in  the  XEMOPY  rDTT 
mode.  After  selectina  this  mode,  the  beginning  address  is 
entered.  W R I T E  CORE  types  the  current  contents  of  the 
memory  location  followed  by  a  hyphen.  The  correct  number 
pair  is  entered  at  the  kevboard,  followed  by  a  "space". 
WRITF  Core  then  causes  the  contents  of  the  next  memory 
location  to  be  typed.  Note  that  the  data  2Ii§t  e_i^ her 
repeated  or  changed,  si_nc?  o  r;»ss  i  n  n  the  soac^  bar  with  on  an 

entry  causes  a  ^00^  to  be  read._  To  exi*  WRITS  CORE,  the 

RESET  button  is  pressed.  (This  does  not  effect  the  last 
uncorrected  memory  location.) 
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B.  16  READ  TAPE 


READ  TAPE  is  the  controlling  routine  in  the  READ  TAPE  node. 
After  being  selected,  PFAD  TAPE  waits  for  a  paper  tape 
input.  (The  paper  tape  format  i_s  critical  to  the  operation 
of  READ  TAP F.  Care  must  be  exercised  that  the  correct 
as  described  in  APPENDIX  D  is  used^)  READ  TAPE  loads 
the  Scan  Control  table  into  PAH  beginning  at  1100“  and  after 
encountering  FF  in  the  "channel"  column,  loads  the  Probe 
Control  table  into  PAN  beginning  at  1400H.  The  end  of  the 
Probe  Control  table  is  read  when  F?  is  encountered  in  the 
"amount"  column.  Control  is  then  transferred  back  *-.o 
MONITOR. 

P.17  MONITOR 


MONITOR  is  the  controllina  program  for  the  MIDAS  TV 
system  and  enables  th°  user  to  solec*-  on  a  of  eight  operating 
modes.  All  ovher  routines  and  subro  u*-  i  *  ‘'R  are  called  as  a 
result  of  the  mode  selection  input.  Table  F.I  elves  a 
listing  o'"  the  subroutine  calling  levels. 
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B.  19 

00001 

00C02 

00003 

00004 

00005 

OOOC6 

00007 

00CC8 

00009 

00010 

000  1 1 

00  C  12 

000  13 

00014 

00015 

00016 

000  17 

00018 

00C19 

00020 

00021 

00022 

00023 

00024 

00C25 

00026 

00027 


FLOW  CHARTS  OF  MIDAS  IV  SOFTWARE 


1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


DECLARE  DEC  LITERALLY  ’DECLARE’; 

DEC  (I, SIGN)  BYTE; 

DEC  CR  LITERALLY  'OODH'; 

DEC  LF  LITERALLY  'OOAH* ; 

DEC  SP  LITERALLY  ’020h' ; 

DEC  DASH  LITERALLY  '02DH'; 

DEC  INZERO  LITERALLY  'INPUT(O)’; 

CEC  INONE  LITERALLY  'INPUT(l)’; 

DEC  IN TWO  LITERALLY  ’INPUT(2)'; 

DEC  INTHREE  LITERALLY  'INPUTOM; 

CEC  INFGUR  LITERALLY  ’INPUT<4)'; 

OEC  I N FIVE  LITERALLY  ’ I N  P  U  T ( 5 )  ' ; 

DEC  OUTZERO  LITERALLY  'OUTPUT(O)'; 

DEC  GUTCNE  LITERALLY  'CUTPUT(l)'; 

OEC  OUT  TWO  LITERALLY  ’OUTPUT (2)’; 

DEC  CUTTHREE  LITERALLY  ’0UTPUT(3)'; 

DEC  M  DATA(CR,LF,LF, '  MIDAS  IV  1 »  CR  ,  L  F, L  F» 

•TYPE  THE  SELECTION  NUMBER  FOLLOWED  8Y  A  SPACE:’ 
»CR,LF tLF, 

'  0  -  MIDAS  IV  HEADER ' tCR , LF , 

'  1  -  CAL l 3  RAT  I  ON '  ,CR  ,LF  , 

'  2  -  PROGRAM  SCAN' , CR,LF , 

'  3  -  READ  TAPE’  » CR  »  L  F , 

'  4  -  DATA  ACQUISITION* ,CR,LF, 

'  5  -  MEMORY  DISPLAY' ,CR,LF, 

'  6  -  MEMORY  EDIT* ,CR,LF  , 

•  7  -  RESTART'  *  CR  t  LF  j  LF )  ; 
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00028  1 

00C29  1 

00030  1 

00C31  1 

00032  1 

00033  1 

00C34  1 

0C035  1 


DEC  N  DATA(CR, LF,LF ENTER  THE  NEXT  SELECTION 
NUMBER:  *,CR,LF,LF); 

DEC  CS  HEADER  DATA ( CR , IF , LF  ,  •  CH  PT  ERROR  TIME 
1 >  CR » LF i LF ) ; 

CEC  PSHEADER  DATA ( CR , L F , LF  ,* AMT  DN=0/UP=1* 
,CR,LF , L  F  )  ; 

DEC  (CHAN  BASED  Bl-CH )  BYTE  ; 

CEC  (PROBE  BASED  B$P3 )  BYTE; 

DEC  (B$CH  »  3  $PB , ADDRMJ  ADDRESS; 

B  S  C  H  =  1 100H; 

BSPB=IAOOH; 
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TTYIN: PROCEDURE  BYTE;/*  TELETYPE  SERIAL  INPUT  */ 


DEC  ( XT  I » I T I ) BYTE  ; 

HERE:  IF  (INTWO  AND  080HX>08CH  THEN  GO  TO 
HERE? 

CALL  T I  ME ( 64 )  ; /*  8.5  MSEC  PULSE  */ 

XT  I  =  0  ; 

DO  ITI  =  1  TO  8; 

CALL  TIME (130 I; 

XT  I  =  RQR  <  XT  I , 1 )  ; 

XT  I =  X  T I  OR  (INTWO  AND  030H); 

END; 

CALL  TIME (130); 

RETURN  ((NOT  XT  I )  AND  07FH); 

END  TTYIN; 

TTYOUT : PROCEDURE! ZTO) ;/*T£LETY?E  SERIAL  OUTPUT'-:/ 
DEC ( I  TO , Z TO ) BYTE ; 

ZTO=NOT  ZTO; 

OUTONE  =  080h;/“  START  PULSE  */ 

CALL  TIME ( 130) ; 

00  I T 0  =  1  TO  8; 

ZTO  =  ROR( ZTO, 1 ) ; 

OUTONE  =  ZTO  AND  030H; 

CALL  T I  ME ( 130) ; 

END; 

OUTONE  =  0; 

CALL  T I  ME ( 1 30 ) ; 

RETURN; 

END  TTYOUT; 
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HEXSPA IR: PROCE CURE  BY T 6 ; / * HEX  I  DEC  PAIR  INPUT*/ 
DEC  < WORD  , AHP) BYTE ; 

WORD  =  0; 

MISCALL  TTYOUT(AHP:=TTY  IN)  ;/*  ECHOS  INPUT  TO 
TELETYPE  */ 

IF  AH  P=20H  THEN  RETURN  WORD;/*  SPACE  =  END 
OF  PAIR  */ 

IF  AHP > 3 9H  THEN  AHP  =  AHP-37H; 

/*  CONVERTS  ASCII  TO  HEX  */ 

ELSE  AKP=AHP-30H; 

WORO=  SHL ( WORD  »  4 )  OR  AHP; 

GO  TO  Ml ; 

END  hEXSPAIR; 

PAI RCUT : PROCEDURE! ASC)  ; 

DECUSCt  ASCI  1BYTE  ; 

IF  ( ASCI :  =  SHR(ASC  ,4)  > <OAH  THEN  ASC1  = 

( ASCI  ♦  03 OH )  ; 

ELSE  ASC 1  =  A  SC l  +  0  3  7  H ; 

CALL  TTYOUT! ASCI ) ; 

IF  (  A  SC  1  :  =  (  ASC  AND  OrHlXOAH  THEN  ASC1  = 

( ASCI  +  030H  )  ; 

ELSE  A  SC  I  =  A  SC  I  «■  037H; 

CALL  TTYOUT! ASCI )  ; 

RETURN; 

END  PAIRCUT; 
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ONEOUT  ^PROCEDURE  (NUM); 
DEC  ( NUM, NUMl ) BYTE ; 


IF  (NUMl :  =  ( NUM  AND  0 FH  )  ) <  10  THEN  NUM1  = 

(  NUMl  +•  030H  )  ; 

ELSE  NUM1=NUM1*037H; 

CALL  TTYOUT (NUMl ) ; 

RETURN ; 

END  ONEOUT; 

BCDHEX:PROCEDURE(A3H)6YTE  ; 

DEC  ( ABH, BBHJBYTE  ; 

83H=(  ( SHR( A6h,4) *OOAH  )  +  (ABh  AN C  COFH ) ) ; 
RETURN  BBH; 

END  BCDHEX; 


FORMAT : PROCEDURE  (TYPE,  NUM); 

DEC  ( TYPE, NUM,  IFOR)  BYTE; 
DO  I FOR= 1  TO  NUM; 

CALL  TTYCUT( TYPE) ; 

END; 

RETURN; 

END  FORMAT; 
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D  IGITEC: PROCEDURE  ADDRESS; 

/*  READS  6CC  DIGITEC  OUTPUT  */ 

DEC  ( VAL, OVER) ADDRESS ; 

DEC  ( ADC,BDC,CDC,HEXA,hEXB)  BYTE; 

HERE:  IF  (INTHREE  AND  004H)<>004H  THEN 
GO  TO  HERE; 

/*  END  OF  CONVERT*/ 

THERE:  IF  (INTHREE  AND  004H)=004H  THEM  GO  TO 
THERE ; 

IF  ((  CDC:  =  INTHREE  )  AND  008H)=C03I-  THEN  CO 
VAL  = I  4000 ; 

RETURN  VAL;/*  IF  DIGITEC  IS  OVERRANGE  */ 
END; 

S  I G  N  =  I ; 

IF  (CDC  AND  C02H)=002H  THEN  SIGN=2; 

/*  SIGN  OUTPUT  */ 

OVERDO ; 

IF  (CDC  AND  001 H ) =  0  0  I H  THEN  OVER  =  10000; 
H6X8  =  dCDHEY  (  i  NOME  )  ; 

/ * LOWER  2  DIGITS*/ 

HEXA=BCDHEX( INZERO) ; 

/* U P PE R  2  DIGITS*/ 

VAL  =  ( OVER  +  ( HEX A*1 00  )  *■  HEX B  )  ; 

RETURN  VAL; 

END  DIGITEC; 
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MULTIPLEX: PROCEDURE  ( CHM )  ;  /*  SELECTS  CHANNEL  */ 


DEC  ( CHM  » BM  *  DM)  BYTE; 
BM= ( BCDHEX ( CHM ) -  I ) ; 

DM  =  BM  AND  OOFH; 

DO  CASE  (SHRIBM, 4) ) ; 
OUTONE  =  DM  OR  OlOH; 
OUTONE  =  DM  OR  020H; 
OUTONE  =  DM  OR  040H; 
END; 

RETURN ; 

END  MULTIPLEX; 


94 


1 

1 

2 

2 

2 

2 

3 

3 

3 

3 

4 

4 

4 

4 

3 

3 

3 

4 

4 

4 

5 

4 

4 

4 

5 

4 

3 

2 

2 


SCANV: PROCEDURE  (CHS, PTS); 

/*  SELECTS  PORT  ON  ENABLED  S.V. 

DEC  (CHS, PTS, BS, IS)  BYTE; 

IF  ( ( CHS>0 )  AND  ( CHS< 5 ) )  THEN  DO; 

IF  PTS  >  048H  THEN  RETURN; 

IF  PTS  =  0  THEN  RETURN; 

/*  SCANOVALVES  ARE  ONLY  ON  CHI  TO  CH4 .  */ 

DO  CASE  ( CHS- I  I  ; 

B  S  =  01H ; 

BS=02H; 

3  S  =  C4H ; 

B  S  =  0  8  H  *, 

END ; 

OUTTHREE  =  BS; 

DO  WHILE ( PTS <> ( NOT (  INFOURJ  )  ) ; 

OUTTHREE  =  ( 040H  +e$); 

/■■■  BIT  7  IS  S.V.  ADVANCE,  BIT  8  IS  S.V.  HOME.  */ 
DC  I  S= 1  TO  8; 

CALL  TIM5<  143)  ; 

END; 

OUTTHREE  =  BS; 

DO  IS=1  TO  12; 

CALL  TIME! 143 ) ; 

END; 

END  ; 

END; 

RETURN; 

END  SCANV; 
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DISPLAY: PROCEDURE( SDY ,  CHDY  ,  PTDY ) ;/*LED  DISPLAY*/ 
DEC  (CHDY, PTDY, SDY, VDY, BDY)  BYTE; 

OUTTWO  =  ( 080H  OR( VDY : =( PTDY  AND  OOFH))); 
CALL  TIME! 143); 

OUTTWO  =  ( OFOH  OR  VDY ) ; 

/*MUST  FOLLOW  INPUT  WITH  OFCH  ANDED  WITH  INFO  */ 
/*  INORDER  TO  LATCH  THE  INFO.  */ 

CALL  T I  ME ( 143)  ; 

OUTTWO  =  (  09CH  OR  (  VDY  :  =S HP.  (  P T DY  , 4  )  )  )  ; 

CALL  T I  ME (  143); 

OUTTWO  =  (OFOH  OR  VDY); 

CALL  TIME (143); 

OUTTWO  =  (OAOH  OR  (VDY:=  ( CHDY  AND  OOFH))); 
CALL  TIME (143); 

OUTTWO  =  ( OFOH  OR  VDY  )  ; 

CALL  TIME (143); 

OUTTWO  =  (OBOh  OR  (VDY:=  SHR ( CHDY  ,4 ) )  ) ; 

CALL  TIME (143); 

OUTTWO  =  (OFOH  OR  VDY  )  ; 

CALL  TIME (143); 

DO  CASE  SOY;/*SIGN  CONVENTION*/ 

BDY  =OOH,‘  /  *  00  =  +0  */ 

BDY=  01H ;  /*  01  =  4-1  */ 

BDY  =  10H;/*  10  =  -0  */ 

BDY  =  1 1H ; /*  11  =  -1  */ 

END; 

OUTTWO  =  (OCOH  OR  BDY  )  ; 

CALL  TIME (143) ; 

OUTTWO  =  (OFOH  OR  BDY )  ; 

CALL  TIME( 143) } 

RETURN; 

END  DISPLAY; 
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OATAGUT: PROCEDURE  ( DA TAO , C HDO , PTDG ) ; 

/*  PAPER  TAPE  AND  TTY  GUTPUT.  */ 

/*  THE  INFO  IS  IN  CHANNEL-PGRT-DATA  FORMAT.  */ 
/*GUTPUT  FOLLOWED  BY  CARRIAGE  RETURN/LINE  FEED*/ 
DEC  (DATAG  tDCI » D02 ) ADCRESS ; 

DEC  (CHDO,PTDO,S IGNB I T  »  BCD1 »  BCD2  » BCD3* 

BCD4, BCD5) BYTE ; 

CALL  PAI ROUT (CHDO) ; 

CALL  FORMAT  (SP,3); 

CALL  PAIRCUT  (PTDC); 

CALL  FORMAT  (SP.3); 

BCD  1=0; 

/*  I F  THE  FIRST  NUMBER  IN  DA  TAO  IS  BETWEEN  */ 

/*A  AND  F  THEN  BCD1  AND  BCD2  ARE  USED  TO  */ 

/* RE  PRESEN  T  THE  NUMBFR  IN  BCD.  */ 

IF  (3C02:=DATAO/1000)>9  THEN  DC; 

BCD  1 = 1 ; 

BCD 2  =  BCD  2- 1 0 ; 

END; 

6CD3=( ( DC1 : =DATAO  MOD  10001/100); 

BCD4= ( ( Du2 : =DG1  MOD  100J/10); 

BCD5=DC2  MOD  10; 

IF  SIGN=1  THEN  CALL  ttycut ( • ♦ • ) ; 

ELSE  CALL  TTYCUT ('-•); 

CALL  ONEOUT (BCD1 ) ; 

CALL  ONEOUT ( BCD2 ) ; 

CALL  ONEOUT ( BCD3 ) ; 

CALL  ONEOUT ( BCD4 ) ; 

CALL  ONEOUT (BCD5 ) ; 

CALL  TTYbUT (CR) ; 

CALL  TTYCUT(LF); 

RETURN; 

END  DATAOUT; 
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CONVERGE: PROCEDURE ( ERROR , VAL)  ADDRESS  ; 


/*  DIGITEC  CONVERGENCE  FOR  SUCCESSIVE  VALUES. 
/*  ERROR  IS  FROM  TOLERANCE.  */ 

DEC  (ERROR,  AOC , A  1 C , A  2 C , A3C )  ADDRESS; 

DEC  ( A4C,A5C  ,A6C ,CC , VALJ  BYTE; 
A4C=BCDHEX( CHAN( VAL+4 ) ) ; 

DO  A5C  =  I  TC  A4C; 

DO  A6C=1  TO  10; 

CALL  TIME ( 143) ; 

END ; 

END; 

IF  (AOC:=DIGITEC 1=14000  THEN  RETURN  AOC; 
CC  =  0; 

C 1 : I F  ( A1 C:=DIGITEC )=I4000  THEN  RETURN  AIC; 
IF  ( A2C  :  =  AI C-AOC ) <0  THEN  A2C  =  -A2C; 

IF  A2C<ERR0R  THEN  DO; 

A3C=A0C  *  (A2C/2)  ; 

RETURN  ABC ; 

END ; 

AOC  =  AIC; 

IF  (  CC  :  =CC+  I  )  =  OFH  THE N  /RETURN  9999; 

GO  TO  Cl; 

END  CONVERGE; 


*/ 
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START :PROCEDUKE 


DEC  (  I  ST, JST,KST,LST ,TST,AST)  BYTE; 
DEC  ERROR  ADDRESS; 

CALL  TTYCUT(CR); 

CALL  TTYOUT ( LF)  ; 

CALL  F0RMAT(02AH  ,30)  ; 

CALL  TTYOUT(CR); 

CALL  TTYOUT(LF); 

L ST  =0  ; 

STO :  ! c  ( TST := PROBE ( LST) ) =OFFH  THEN  DC; 
0UTTHREE=0; 

RETURN ; 

END; 

IF  TST  <>  0  THEN  00; 

AST=OIH; 

IF  PRC6E  (  LST  *- 1  )  =  1  THEN  AST  =  02H; 
OUT  ZER3  =  AST ; 

DO  K S T  =  1  TO  ( 3CDHEX  (  TST )  ) ; 

DO  JS T  = I  TO  50; 

CALL  TIME! 143 ) ; 

END  ; 

END; 

OUT  Z  E  R0  =  0 ; 

END; 

LST  =L  S  T  4-  2; 

I ST  =  0 ; 

STI:IF  (CHAN(  IST)=OFFH)  THEN  GO  TO  STO; 
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002S1 

2 

CALL  MULT  I  PL EX (CHAN (  1ST)  )  ; 

00292 

2 

CALL  DISPLAY (  0 , CHAN ( I  ST)  , CHAN ( 1ST*  1  ) ) 

00293 

2 

CALL  SCANV(CHAN(  I  ST  )  ,  CH  AN  US  T  «■  1  )  )  ; 

00294 

2 

ERROR =( BCOHEX(CHAN< IST*-2))*100H)  + 

( BCDH EX ( CHAN ( IST  +  3J )  )  ; 

00295 

2 

CALL  DA TAOUTt CONVERGE (ERROR,  1ST), 

CHAN(  1ST)  ,  C  H  A  N  (  I S T ♦  I )  )  ; 

00296 

2 

I ST= I ST+5 ; 

00257 

2 

GO  TO  ST  I; 

00298 

2 

END  START; 
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CALIB: PROCEDURE ; 

DEC ( ACB ,BCB ,  ICB )  BYTE; 

MO : CALL  MULTI PLEX( ( ACB:  =  NOT (  INF  IVE  )  )  )  ; 
IF  ( ( ACB  =  0 )  OR  ( AC  8>4 )  )  THEN  DO; 
CALL  DI SPLAY (0 , ACB, 00)  ; 
OUTTHREE=00; 

GO  TO  MO; 

END; 

DO  CASE  <  ACB- 1 )  ; 

8CB=0 I H; 

BCB=02H ; 

BCB  =04H ; 

BCB=09H; 

END  ; 

CUTTHREE  =  BCB ; 

CALL  DISPLAY (0 , ACB , NCT< I NFOUR ) ); 
Ml:  IF  (INTWO  AND  OOlHJOOOlH  THEN  DO; 
OUTTHREE  =  ( 04 OH  OR  BCB); 

DO  I C B  =  I  TO  3 ; 

CALL  TIME!  143  )  ; 

END ; 

OUTTHREE  =  BC3 ; 

DO  I CB  =  l  TO  16; 

CALL  TIME! 143) ; 

END  ; 

END; 

GO  TO  MO; 

RETURN; 

END  CALIB; 
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C H ANNE LSORDER: PROCEDURE; 

DEC  ( ICO, JCO)  BYTE; 

DO  IC0=0  TO  LENGTH! CSHEADER) ; 

CALL  TTYOUT(CSHEADER( ICO))  ; 

END; 

IC0=0 ; 

C  O : DO  WHILE  ( CHANI  I  CO)  : =HEX$PA I R ) <> CFFH ; 
CHAN(  ICOn  )  =  HE  X  $  PA  I  R  ; 

CALL  FORMAT (SP,3 )  ; 

CHAN  l  icon  )=HEX$PAIR  ; 

C HAN(  I C0  + 3 ) =HEXSPAI R  ; 

CALL  FORMAT ( SP, 3 )  ; 

CHAN (  I CO  +  4 ) =  h E X $ P A  I R  ; 

CALL  TTYOUT(CR) ; 

CALL  TTYOUT(LF); 

ICO=ICOt5 ; 

GO  TO  CO; 

END; 

RETURN; 

END  CHANNE  L  $ ORDER ; 
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PROBES ORDER :  PROCEDURE  ; 

DEC (  IPC, JPOJBYTE  ; 

DO  IPO=0  TO  LENGTH! PSHEAOER) ; 

CALL  TTY  OUT ( P$HEADER(  IPO) )  ; 

END; 

I  P0=0 ; 

PO 1  :  DO  WHILE  (  PROBE  (  I  PO  )  :  =HEX$P  A  I R  )  OOFFH ; 
CALL  FORMAT! SP, 3) ; 

PROBE ( IPC+1 ) =HEXSPA IR  ; 

CALL  TT YOUT ( CR ) ; 

CALL  TTYOUTt  LF )  ; 

IP0= I PO*2  ; 

GO  TO  POI ; 

END; 

RETURN; 

END  PR CBET ORDER; 
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00367 

1 

003o8 

1 

NEXT : PROCEDURE ; 

00369 

2 

DEC  IN  BYTE; 

00370 

2 

DO  I N  =  0  TC  LENGTH! N ) ; 

00371 

2 

CALL  TTYOUT ( N ( IN)); 

00372 

3 

END; 

00373 

2 

RETURN; 

00374 

2 

END  NEXT; 
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READSCORE: PROCEDURE; 

DEC  CORE  BASED  ADDR1  BYTE; 

DEC  ( ADCR1 ,AODR2 i PGLN,NRC) ADDRESS; 

DEC  ( HRC i L  RC ) BYT  E ; 

NRC=0 ; 

ADDRl=HEX$PAIR*lGOH  +  FEXfPAIR; 

CALL  TTYOUT(SP); 

CALL  T T YOUT ( •-»  )  ; 

CALL  TTYOUT(SP) ; 

ADDR2  =  HEXSPAIR*100H  <■  HEXSPAIR; 

CALL  TTYCUT (CR) ; 

CALL  TTYOUT(LF); 

R 0  :  P  G L N  =  A D DR  1  +  NRC  ; 

IF  (  P  G  L  N  A  N'  D  OOOFH)  =0  THEN  Du; 

CALL  TTYOUT(CR); 

CALL  TTYOUT(L=) ; 

CALL  ONE OUT (  ShR(  ( HPC :*HI Gri { PGLN ) ) t  4 )  )  ; 
CALL  ONE  CUT ( ri PC  AND  OFH )  ; 

CALL  ONECUT  (SnP.l  l  LRC  :  =10^  (  PGLN  )  )  ,  4  )  )  ; 
CALL  ONECUT (LRC  AND  OFH); 

CALL  TTYOUT ( 03AH) ; 

CALL  TTYOUT ( SP) ; 

CALL  TTYOUT( SP) ; 

END; 

CALL  PAIROUT (CORE(NRC)  )  ; 

CALL  TTYOUT ( SP ) ; 

NRC=NRC+1 ; 

IF  PG  LN  =  ADDR2  THEN  RETURN; 

GO  TO  RO; 

END  READSCORE; 
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004C6 

1 

004C7 

1 

WRITE$CORE:PRCC6CUR£; 

004C8 

2 

DEC  ( I WC  ,AWC, JWC )  BYTE 

t 

004C9 

2 

DEC  WC  ORE  BASED  ADDRWC 

BYTE; 

004  10 

2 

DEC  ADDRWC  ADDRESS; 

004  11 

2 

IWC=0 ; 

00412 

2 

ADDRWC =HEXSPAIR*  100H  * 

HEX  S P  A  I  R 

004  13 

? 

WC  1  :  J  WC  =0 ; 

004  14 

2 

WC2:CALL  PAIROUT(WCORE( IWC) ) ; 

004  15 

2 

CALL  TTYOUT (CASH) ; 

00416 

2 

WCCRE ( IWC) =HEXSPAIR ; 

004  1  7 

2 

CALL  FORMAT (SP. 2 ) ; 

004  18 

2 

IF  ( J  WC : = JWC  *  1 ) =8  THEN 

do; 

00419 

2 

CALL  TTY  OUT  <  C  R )  ; 

00420 

3 

CALL  T  TYGUT ( LF )  ; 

004  21 

3 

IWC  =  I  VIC  i  i ; 

004  22 

3 

GO  TO  l.'Cl  ; 

00423 

3 

END; 

00*i  24 

2 

I  WC  =  I  WC  + 1  ; 

004  25 

2 

GO  TO  W C 2 ; 

004  26 

2 

END  WRITEiCCRE; 
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READSTAPE: PROCEDURE; 

DEC ( R  T 1  ,RT2,RT3 ,RT4, RT51BYTE; 

RT1=0; 

RT2  =  0  ; 

RT4=0 ; 

RT5=0 ; 

R 1 : I F  (RT3:=TTYIN)=020H  THEN  DO  CASE  RT4 ; 
GO  TO  R2; 

GO  TO  P3 ; 

end; 

IF  RT  3>03 9H  THEN  RT3=RT3-037H ; 

ELSE  RT3=RT3T030H; 

RT2=SHL( RT2 ,4)  OR  RT3 ; 

GO  TO  Rl; 

R2  :  I  F  (CHANtRTl  )  :  =RT2  )  OCFFH  THEN  DC; 
RT1=RTL+1 ; 

GO  TO  Rl ; 

END; 

RT4=1 ; 

GO  TO  Rl; 

R3:IF(PROBE(RT5) :=RT2)=OFFH  THEN  RETURN; 
RT  5  =  RT5  +  1  ; 

GO  TO  Rl; 

END  READ$T APE ; 
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MONITORiDO  CASS  HEXSPAIR; 

GO  TO  MO; 

GO  TO  Ml ; 

GO  TO  M2; 

GO  TO  M3 ; 

GO  TO  M4; 

GO  TO  M5 ; 

GO  TO  M6 ; 

GO  TO  M7 ;  ' 

END  ; 

MO :DO  1=0  TO  LENGTH(M) ; 

CALL  TTYGUT ( M ( 1)1; 

ENO; 

GO  TO  MONITOR; 

Ml  :CALL  CALIB; 

M2  : C ALL  CHANNEL* ORDER; 

CALL  PROSETCRDER; 

CALL  NEXT; 

GO  TO  MONITOR; 

M3 : C AL L  REAOSTAPE; 

CALL  NEXT; 

GO  TO  MONITOR; 

M4  :CALL  START; 

CALL  NEXT; 

GO  TO  MONITOR; 

M5  :C ALL  READSCORE; 

CALL  NEXT; 

GO  TO  MONITOR; 

M6  :CALL  WRITESCCRE; 

M7iADDRM  =  HEX$PAIRA100H  *■  HEXSPAIR; 
GO  TO  AODRM ; 
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S00365 

M  7 

S0C3* 3 

M6 

S00361 

M5 

S00359 

K  4 

S00257 

M3 

S00355 

M2 

S00353 

Ml 

S0C351 

MO 

S00347 

MONITOR 

S00341 

P  3 

S00339 

R2 

S0C334 

R  1 

S00333 

RT  5 

SOO 232 

PT4 

SO 02 3  l 

R  T  3 

S0C330 

RT2 

S0C229 

PT1 

SOO  32  7 

READT APE 

S0C225 

02D 

S00324 

WC2 

SOO  22  3 

>i  C 1 

SO  02  2  2 

ADD  RVi  C 

S00221 

V-.CGRE 

S0C320 

JRC 

SOC319 

MIC 

S0021 8 

IWC 

SC0216 

ViR I  T2C0RE 

SOO  3 1 4 

03A 

S00312 

RO 

S0C21 1 

L  PC 

S00210 

HRC 

SOO  209 

NRC 

SCC3G8 

PGLN 

S00207 

A0DR2 

S00306 

ACDR1 

SOO  30  5 

COKE 

S00303 

RE  AGCGPvE 

S0C300 

IN 

S0C298 

NEXT 

S0C295 

PCI 

SCC292 

JPO 

SC0291 

IPO 

SOO  289 

PRGBECRDER 

S00266 

CO 

S00283 

JCO 

SO  3282 

ICO 

S00280 

CHANNELOROER 

S0C274 

Ml 

S0C265 

MO 

SOO  264 

ICB 

S00263 

BCB 

S00262 

ACB 

S00260 

CAL  IB 

S00259 

100 

S00257 

ST  1 

S0C235 

50 

S00243 

OFF 

SOO 24  7 

STO 

S00246 

30 

SOO  24  5 

G2A 

SO  0  244 

ERROR 

S00243 

AST 

S00242 

TST 

S00241 

LST 

SOO  240 

KST 

S00239 

JST 

SO  0  23  8 

1ST 

S00236 

START 

S00235 

9999 

S00230 

Cl 

SOO  224 

CC 

S00223 

A6C 

SO  0  22  2 

A  50 

S0022  1 

A4C 

S00220 

A3C 

SOC  2  1  9 

A  20 

S00218 

A  1C 

SOO  2 1 7 

ACC 

SCO  21  5 

VAL 

SC0214 

ERROR 

S0021 3 

CONVERGE 

SCC21  2 

i  _  i 

SOO  2  1  0 

•  + ' 

S0C2C7 

9 

SO C  2  06 

10  30 

S00203 

3CD  5 

SC0204 

BCD4 

SOO  20  3 

BCD  3 

S00202 

cCD2 

SOO  20  0 

SIG  s’B  IT 

SOO  IV 9 

C02 

SOO 1 9  8 

C01 

SOC 196 

f  TOO 

SOO  193 

CHDO 

SO  C 194 

DAT  AO 

SOO 1 93 

CATAOUT 

SOO 192 

CCO 

SOC  190 

11 

SOO 183 

050 

SCO  182 

0  AO 

S001S1 

C90 

SOO 130 

CFO 

SCO  1 7  9 

BOY 

SOO 178 

VDY 

SOO  1 7  c 

FTOY 

SOO  1  73 

DISPLAY 

SOO  171 

12 

S  00  1 74 

SDY 

SOO  175 

CHDY 

S00201 

BCD  1 

SOO  169 

143 

SOO 1 5  5 

C46 

SOO  153 

5 

SOO  l  £  2 

IS 

SO  0 1 5  1 

es 

SOO  14  9 

FT  S 

SOO 14  8 

CHS 

SOC 147 

SCAM  V 

SOO  14  3 

010 

SOO  139 

CM 

SOO  13  8 

EM 

SOO  1 36 

CHM 

S00135 

MULTIPLEX 

S00134  100 
$001^3  10000 
SOO 130  14000 
SOO 127  THERE 
S0C125  3 
SOC  124  HERE 
SOO  123  H5XB 
SOC  1 2  2  HEXA 
SOO  12 1  CCC 
SCO  12  0  BOC 
SOC 1 1 9  ACC 
S0011 8  OVER 
SO 0  1 1  7  VAL 
SOO  1 1 3  CIGITEC 
SOO 1 1 2  I  FOR 
sco no  No.--i 
SOO  10 9  TYPE 
SOO 10  8  FORMAT 
SOO  107  E EH 
SOO  105  A BH 
S00104  ECDnEX 
SOO  10  1  MJ.Ml 
S0CC99  ACM 
SOOC9S  CNEOUT 
S0CC95  OF 
S03C92  ASCI 
S03C90  ASC 
SCJ035  FA I  ROUT 

scccce  4 
S03C97  30 
S0JCS5  37 
SOOC63  39 
SCCC81  20 
SO0C30  Hi 
SCCC79  AMP 
SC0C76  UGRD 
S00C76  HEXPAIR 
SO 00 7 3  170 
S00C71  ZTC 
SOO 070  TTVJUT 
SCGC59  07F 
SO  306  8  130 
SC0C66  6 
SO 006  4  1 
SOO  C 1 3  C 
S03C62  64 
SC0G60  OSO 
S00C59  2 
SOOC53  HERE 
SOOC57  I T  I 
S00C56  XT  I 
SOOC54  TTYlN 
S00053  1400 
S0005  2  1  100 
S00051  A DORM 
SO0C5O  BPB 
S00C49  PROBE 
S03C48  BCH 
S00C47  CHAN 

SO  3046  *  AM T  DN=0/UP=1' 

S00C45  PhEADER 

S0C043  'CH  PT  ERROR  TIME' 

S0CC42  CHEACER 

S00040  'ENTER  THE  NEXT  SELECTION  NUMBER 
SOOC39  N 


I 
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SOOC37 
S00036 
S00035 
S00034 
S0JC33 
S00C32 
S0J03  1 
S0CC30 
SCGC29 
S00C23 
S00C27 
S0JC26 
S0C025 
SO  3  C  2  3 
SO  002  2 
S0CC20 
S0GC19 
S00C1 8 
S00C1  7 
SOCClo 
S00C1 5 
S0D014 
S00C13 
S0JC12 
S0CC1  1 
S00010 
SG0C09 
S03CC8 
S0CCC7 
S0JC06 
S0GCC5 
S00C04 
S0GC03 
SO  3CC2 
SOOCOl 


•  7  -  RESTART' 

•  6  -  MEMORY  EDIT* 

•  5  -  MEMORY  DISPLAY' 

»  4  -  DATA  AC  QU  I  S I T  ION ' 

•  3  -  READ  TAPE' 

'  2  -  PROGRAM  SCAN' 

'  1  -  CALIBRATION* 

•  0  -  miqaS  IV  HEADER' 

•TYPE  THE  SELECTION  NUMBER  FOLLOWED  BY  A  SPACE 

•  MIDAS  IV  • 

COA 

CCD 

M 

SIGN 

I 

DOUBLE 

MOVE 

LAST 

LENGTH 

OUTPUT 

INPUT 

LC  Vi 

HIGH 

TIME 

SCR 

SCL 

SHR 

SHl 

RCR 

RCL 

MEMORY 
PARITY 
S  I  u  N 
ZERO 
CARRY 
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3.18  LISTING  0?  MIDAS  IV  SOFTWARE 


TTY  IN 


113 


rnour 


114 


HEX  PAIR 


1NITI RLIZE 
BITE  TO  ZERO 


115 


PO I POUT 


116 


ONEOin 


117 


BCJ>HEX 


r.nr.'iM 

HL'X  VrLUC 


118 


FORMRT 


119 


MEITEC 


1 

' 

INPUT J 1 )  1 
LUiiZ.l  2 
TO  HEXI 

“1 

FV>  CL’ S' YETI 
D 1  FITS 
CClfcFL 

1 

i 

i  stut c  l  )  r;j  *:r "V'tt  • 
HH-iiEF  2  : ;  -n:  i 
TO  KEXITECI.'M  1 

! 

i 

YFL  -  rvc 
HlilrH 
HIM  Cl 

,  | 
e< 

;ITE 

i 

1  ' 

r.EU7.H  Vr.L 


J 


120 


HUL1IPLH 


121 


5CRNY 


122 


SCRNY  tCEHTj 


123 


DISPLAY 


124 


M5PLRY  CCDHT) 


125 


DHTPDUT 


126 


DHIFCUT  (CDNl; 


127 


CDHYER5E 


128 


CONVERGE  (CENT) 


© 


129 


S7PJTT 


I 


130 


STFWT  ( C0N7 ) 


131 


<RLIP 


132 


CRLI0  CCDHT. ) 


133 


CHANNEL  ORDER 


PROSE  ORDER 


PRINT  PROBE 
HERDER 


INPUT  DIRECTION 
FRDEEc  I F 0  +•  1 ) 


input  r:::E  fnt. 

PrT; El  IPG) 


CF.SRIfEE  RETURN 
LIJ.'E  FEED 
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HERD  COSE 


136 


WHITE  COSE 


13? 


PEED  7 RPC 


138 


RERD  1RPE  (CDH7J 


139 


hdkitdr 


140 


MONITOR  (C0N7J 
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TABLE  B.I.  SUBROUTINE  CALLING  LEVELS 


SELECTION  LEVEL  SUBROUTINE 

NUMBER  12  3  4 


0 

X 

TTYOUT 

1 

X 

X 

X 

CALIB 

MULTIPLEX 

3CDHEX 

X 

DISPLAY 

2 

X 

X 

CHANNEL  ORDER 
TTYOUT 

X 

X 

HEX  PAIR 

TTYOUT 

X 

TTY  IN 

X 

X 

FORMAT 

'T'nvpMT' 

X  *  1  V  J  * 

X 

X 

X 

X 

PROBE  ORDER 
TTYOUT 

HEX  PAIR 

TTYOUT 

X 

X 

TTY  IN 

FORMAT 

X 

TTYOUT 

X 

X 

NEXT 

TTYOUT 

3 

X 

X 

READ  TAPE 

TTY  IN 

X 

X 

NEXT 

TTYOUT 

4 

X 

X 

START 

TTYOUT 

X 

X 

FORMAT 

TTYOUT 

X 

3CDHSX 

X 

X 

MULTIPLEX 

BCDHEX 

X 

DISPLAY 

X 

SCANV 
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TABLE  B.I.  SUBROUTINE  CALLING  LEVELS  (CONT.) 


SELECTION  LEVEL  SUBROUTINE 

NUM3ER  1234 
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APPENDIX  C 


PR035  TRAVERSING  SYSTEN 


C.1  PRO  3E  TPAVERS  ING  ilECHA  MISM 

The  specifications  for  the  Probe  Traversing  Xechanism 
(PTM)  are  listed  in  Table  C.T. 

The  linear  travel  is  limited  to  four  inches  by  the 
linear  potentiometer.  Otherwise,  tbe  linear  travel  ’ s 
limited  to  six  inches  by  the  cylindrical  oortion  of  th° 
mountina  base  and  the  threaded  section  to  which  th°  probe  is 
attached . 

C . ?  PR03E  CONTROL  PAN'l 

C. 2.  1  T n t or r - ce  Cabins 

Th^  four  cables  used  with  the  Probe  Traversing 
System  are: 

1.  Power  Cable 

2.  Transducer  Cable 

3.  PTt1  Cable 

a.  MIDAS  TV  Interface  Cable 

Tn  the  '’manual"  mode,  only  the  Power  and  PTy  cables 
are  used.  The  Transducer  cable  is  added  for 

"semi-automatic"  mode  ?nd  all  four  cables  are  neeied  in  the 
"fully-autonati c"  mode. 


C.2.2  Ar.anlar  Control  Circuit_  Adjustment 
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The  "balance"  and  "gain"  for  the  Angular  Control 
circuit  are  set  as  follows: 

1.  With  the  turbine  not  operating,  connect  an 
oscilloscope  to  the  BNC  connector  on  the 
Control  Panel. 

2.  Adjust  the  "balance"  control,  Rl,  until  the 
amplifier  outout,  as  read  on  the  oscilloscope, 
is  zero.  (See  Fias.  10  and  Cl.) 

3.  With  the  turbine  operating,  adjust  the 
"gain ",  R  2,  (Figs.  10  and  Cl.)  so  that  the 
signal  amplitude  is  not  causing  the  Probe 
Traversing  dochanism  to  oscillate.  (Se°  t  h3 
top  part  of  ^ ig .  Cl.) 

4.  Adjust  the  "balance"  (if  necessary)  until 
the  probe  is  align3!  into  th3  flow.  (See  th3 
center  part  of  ?it.  C3.)  This  adiustc^nt  can 
be  verifi3*  with  a  va*-er-f  i  lied,  U-tube 
manometer  connect3!  across  Port  and  Port  “1 
pressure  lines.  (S3e  ”iq.8(b).) 

The  Angular  control  ciucui*-  3  Iso  has  "offset"  a3d 
"balance"  controls  (?3  and  Rh)  tha*  are  adjusted  internally 
and  should  not  need  further  adjustment. 

C.2.3  Linear  Control  Circuit  Adiusj_nent 

Adjustments  to  the  linear  con'-ro1  circuit  (cig.  Cl.) 
are  internal  and  further  adjustment  should  no*-  bo  necessary. 


TABLE  C.I. 


SPECIFICATIONS  FOR  THE  PROBE 
TRAVERSING  MECHANISM 


1 . 
2. 

3- 

4. 

5. 

6. 

7. 

8. 

9. 


10. 

11. 


MOTORS:  24VDC  200-400  rr.A 

LINEAR  TRAVEL:  4  INCHES 

LINEAR  RATE:  0.011  INCHES/SECOND 

LINEAR  POTENTIOMETER:  5,000  OHMS 

LIMIT  SWITCHES:  2  (FULLY  ADJUSTABLE  LOCATION) 

ANGULAR  TRAVEL:  +  36O  DEGREES 

ANGULAR  RATE:  1.6  DEGREES/SECOND 

ANGULAR  PC  TENT  I  OM.ETER  :  50,000  OHMS 


PROBE  DIMENSIONS : 


DIAMETER:  0.25  INCHES 


LENGTH:  12  INCHES  (MINIMUM) 

HEIGHT  (EXTENDED,  NO  PROBE): 
RADIAL  CLEARANCE  REQUIRED:  6 


18  INCHES 
INCHES 
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FIGURE  C2 .  Probe  Traversing;  System 
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3ALLANCED  CONDITION 


CASE  3. 
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- 


r  v _ 
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CASE 
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CORRECTLY - 
PRESSURE  DIFFERENCE 
WITHIN  LIMITS 


FIGURE  C3. 


Examples  of  Amplifier  Cutout  for 
Angular  Control  Circuit 
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APPENDIX  D 


OPERATIN'',  PROC2BDURES  AN  D  PROGRAM  CHANGES 


D .  1  SYSTE’I  OPERATION  WITH  PPESENT  CONTROL  PROG  RA  N 

D.  1.  1  °ov°r  On  ana  Power  Off 

The  KIDAS  TV  system  must  be  powered  up  in  the 
followin'?  sequence  of  steps: 

1.  Insure  thef  the  NT" AS  TY  end  ‘eletype  are 
connected  to  e  110V  source  and  the  teletype 
send/receive  line  is  connected  to  the  number  SO 
connector  show"  in  p i a .  S. 

2 .  Throw  ^e  main  power  switch  (riu.  4 )  to  the 
"on"  position.  (An  indicate’-  light  to  +he  loft 
of  the  main  rower  switch  comes  on  if  the  unit  is 
operating  correctly.) 

3.  purn  the  NPS-805  Dower  switch  on.  (The 
microprocessor  power  light  should  be  on  and  the 
"halt"  LET  (Rig.  4)  should  be  out.) 

4.  S°t  the  teletype  mode  switch  to  "line", 
unless  a  pa  per  tape  is  to  be  programmed  of  the 
Scan  Control  and  Probe  Control  tables,  in  which 
case  the  mode  switch  on  the  teletvne  should  ’■>e 
set  to  "local".  Nol-l  Whenever  the 
teletypewriter  is  turned  on  or  s  w  i  c  h  s 1  from 

"  local 11  to  "line^  mod  e^  the  RESET  button  shoul  1 
be  or^ssed^ 

5.  The  system  is  now  waiting  for  a  wode 
Selection  Number  to  be  entered.  To  obtain  a 
list  of  the  'lole  Selection  numbers,  enter  "0" 
and  press  the  space  bar  (See  Section  D.1.2). 
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The  Power  Off  proceedure  is  the  reverse  of  the  above  steps. 
Both  proceedures  are  summarised  in  Table  D.I. 

D.1.2  To  Select  an  Ope r a t i na  *ode 

Following  the  Dower  On  proceedure  given  above,  or 
following  a  "RESET",  MIDAS  IV  waits  for  a  lode  Selection 
Number  to  be  entered.  A  list  of  the  Node  Selection  'lumbers 
is  given  in  Table  V.  (The  list  can  be  obtained  by  the 
operator  by  entering  "0",  folloved  by  a  space.  This  is  the 
sole  function  of  Node  0.)  Ooeration  in  a  chosen  mole  is 
effected  by  entering  the  ‘’ode  Selection  Number  followed  by  a 
"space" . 

vig.  5  shows  f|ip  function  of  the  different  modes. 
Return  from  each  mode  is  au'-omatic  except  from  the 
CALIBRATION  and  MFMORY  Edt^  modes,  wp.ere  RESET  is  required. 

0.1. 3  To  soi^ct  and  Calibrate  input  Channel s 

-££22121:21121!  Npdpi 

n’he  CALIBRATION  mode  is  selected  Ky  interim  "1" 
followed  by  a  "space". 

Channel  SelecMon:  In  the  CALIBRATION  mode  MIDAS  TV 
continuously  monitors  ♦he  channel  indicated  by  the  setring 
of  the  thumbwheel  switches  (Tig.  31  .  Any  channel  can  be 
selected  manually  using  f'ne  thumbwheel  switches.  whQn 
addressed,  the  channel  and  port  numbers  appear  in  the  LED 
display.  If  no  chance  occurs  pn  thp  LFn  display  yhpq  the 
thumbwheels  ar»  t u r n yd ^  ppppp  ZZZZZi.  ”211  !Hl  "soar0"  . 

ypr t  s e  1  p c **  ion  :  i,h°n  a  Scanivaive  channel  ( 
presently  1-U)  is  selected,  a  single  LED  is  lit  on  the  RELAY 
card  (Fig.  A2.) .  The  port  currently  selected  at  the 
Scanivaive  is  then  indicated  in  the  display  in  the  pront 
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panel.  (On  other  than  Scanivalve  channels,  zero  is  shown 
for  the  port  number.) 

Press  the  PORT  ADVAMCE  button  (p.ig.  3)  to  cause  the 
Scanivalve  to  advance  to  the  next  port.  (The  seventh  LED  on 
the  RELAY  CARD  indicates  the  advance  pulse  transmitted  to 
the  Scanivalve.) 

Press  the  PESr*  button  to  exit  the  CALIBRATION  mode. 

C2ii2L2ii.2Il:  "he  "zero"  and  "range"  of  the  selected 

input  channel  are  set  using  the  BALANCE  and  SPAN  adjustments 
on  the  corresponding  siqnal  conditioning  card,  respectively. 

Adjust  BALANCE  fo  oroduce  zero  at  the  DVN  (ballanced 
bridaei  for: 

1.  zero  pressure  differential  on  a  differential 
pressure  transducer  inout. 

?.  the  lover  limit  oc  a  di so lace men  t 
by  a  poten '•iome t r ic  input. 

3.  a  shorted  inout  co:  a  thermocouple  input. 

Adjust  SPA",  to  produce  a  required  maximum  readinq  at 
the  DVM  (usuall,rf  recoanizable  engineering  units  for  the 
particular  measurement)  for: 

1.  differential  pressure  transducer  loaded 
pneumatically  *■  0  the  desired  range 
7.  maximum  displacement  of  a  potentiometric 
input 

No t e^.  X-12  221  measures  in  the  ranee  +  1 . 3° 

vo  l  tSj_  If  no  va_l  22  i§  display  ed  ,  the  voltage 
i  s  outsM-  this  range. 

Zz.  2ll2  222  of  calibration  resistors  inserted 
into  2.12  2KL  STEP  section  of  the  u poor  .front 
to  ch^c Y.  a  channel  calibration  is 
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described  in  APPENDIX  A 


D .  1 . 4  To  Program  the  Sea  nn  i_nn  Sequence  and  Probe 
Movement 


D.  1.4.1  Programming  from  the  Keyboard  (PROGRAM  SCAN 

Mode) 


Enter  "2" 

followed 

bv 

"space"  to  enter 

the 

PROGRAM  SCAN  mode. 

A  table 

heading  is  printed  out 

that 

identifies  columns  of 

data  that 

must 

be  entered  to  form 

the 

Scan  Control  table. 

ra  b  1  e  D 

.  Ill 

is  an  example  of  a 

See  r. 

Control  '-able,  followed  by  a  Probe  Control  table. 

Scan  C2Hi.ro  1  tables  The  follovina  are  “n^.^re^ 
in  turn,  as  two  numbers  followed  by  a  "space": 

1.  Channel  number 

2.  ?or*-  number 

3.  Number  ">f  counts  between  successive  DV'l 
readings  *■  o  br  accepted  as  iniicatino  that  a 
steady  ra’lim  has  been  reached  on  this 

ch  a  nne) 

4.  Number  of  tenths  of  a  second  delay  before 
the  DVK  is  ^irst  read  on  this  channel 

The  teletype  advances  automaticall v  to  the 
required  column,  and  CARPTAGF  RETURN  and  LINE  FEED  occur  at 
the  end  o  ^  each  line  of  the  table. 

When  the  required  channels  nave  been  en  ter^d , 
enter  '7'?  in  the  channel  column. 


A  heading  is  p:5  ^hat  identifies  columns  of 

data  that  must  be  entered  to  form  the  Probe  Control  table. 

Probe  Control  gable:  ?h’  following  ac°  enter’d 
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in  tarn  as  two  nurrbers  followed  by  a  "space": 

1.  Number  of  hundredths  of  an  inch  the  probe 
must  be  moved 

2 .  The  direction  of  movement  (00  for  down, 

01  for  up) 

Enter  one  line  in  the  table  for  each  required 
probe  movement.  Terminate  the  table  with  FF  in  the  "ant^ 
column . 


MIOAS  IV  is  ^hen  ready  cor  another  mode 
selection  to  be  entered.  The  completed  tables  aroear  as  in 
the  example  shown  in  Tahle  D.TTT. 

D.l. 4.2  Program  min  a  from  ^apor  Tape  (PF&I)  ?A?r 

Fod  e) 

The  Scan  Control  and  °robe  Control  tables  can  be 
entered  on  paper  tape.  r  h  a  ’■e  are  stems*. 

1.  Preparation  of  the  +  an^. 

2.  -.Ttry  of  the  tape  using  the  °CAj  "APT 
node. 

12  £ teoa the  tape^  switch  the  teletype  to 

"local",  and  switch  on  the  punch.  Punch  a  leader  that  do°s 
not  include  a  "space".  (Note:  In  readino  the  tape,  the 
program  loohs  for  data  entries.  An  entry  of  data  is  always 
read  as  the  number  pair  immediately  proceeding  a  spaca. 
Thus  C0/!.^  is  harmlessly  included  if  followed  by  ♦he  nevt 
dat  a  entry.) 

Enter  the  data  requital  in  the  Scan  Control  and 
Probe  Control  tables  (described  in  the  proceeding  section) 
as  a  succession  of  nu^ta  r- Da  irs  f  ol  d_ow  od  by_  a  3  p  a  ce^  The 

inclusion  of  CF/LF  at  the  end  of  =>ach  lir.«  in  the  ♦abl^s 

results  in  the  printou*  shown  in  Table  P.IV. 
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The  inclusion  of  FF  to  terminate  each  table  is 

essential^ 


To  22l22  the  taoe^  switch  the  teletvpa  to  LIN17, 
switch  oft  the  punch  and  ready  the  tape  in  the  reader. 

Press  RESET.  Enter  "3"  followed  by  "space"  to 
enter  the  RETD  TAPE  node.  Push  VANDAL  START  on  the  tape 
reader.  The  tape  is  read  and  MIDAS  IV  is  ready  for  another 
mode  selection  number  *-o  be  entered. 

D. 1.4.3  Program  Piitinc  from  the  Keyboard  (  M  E M  0 D  v 
DISPLAY  and  MEMORY  E7'TT>  Moles) 

Chances  can  b?  made  to  th°  eont^n4^  of  P’.v  sv: 


1 . 

using 

t  h 

®  M2 

SCRY  DISPI 

Av 

■node 

to  prir.4- 

out 

tb  3 

cur 

rent 

contents 

P  A  M 

2. 

u  s  i  r.  a 

*■  h 

e  v  T 

“DRY  EDIT 

r  c 

de  to 

en*-er  new 

data. 

The  consents  of  PCM  car  be  display?!,  but  " ^ t 
edited.  Thus^  for  §iirolet  individual  entries  i_n  212  ^~ar 
£22122.1  e.nd  £2222  £221221  221122  222  22  22l2  21222  2122  1222 
1222  2222222  22  222  22212121  22  22  2  2222122  tane._ 

To  Display  Contents  o£  122222 : 

1.  Enter  "5"  followed  by  "spac°". 

2.  Ent^r  first  address,  to  be  displayed  as 
two  number  pairs  each  followed  by  "space". 
(Teletype  prints  a  hyphen.) 

3.  Ent«r  las’-  address,  to  be  displayed  as 
two  number  pairs  each  followed  by  a  "space". 
(Teletype  prints  m°Tory  contents  between  4h° 
first  »nd  last  addresses.) 

Thre°  examples  of  the  use  of  MEMORY  DISPLAY  are  shown  in  the 
t^le'-ype  record  ir.  Table  0.7.  The  examples  illustrate: 
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1.  A  single  memory  location  can  be  displayed 
if  the  first  and  last  addresses  are  the 
same. 

2.  The  Scan  Control  table  is  stored 
beginning  at  1100F. 

3.  The  Probe  Control  table  is  stored 
beginning  at  1U00F 

Note:  1.  All  addresses  are  in  hex  idecima  1. 

2.  If  the  last  address  is  made  smaller  than  the  first 
address  (inadvertantly),  266  paces  of  memory  are 
printed.  The  process  can  be  stopped  bv  pressing 
RESET . 


To  Edi_t_  Cor^°nfs  of  :'°"iorv: 

1.  ^nter  "5"  ^olloved  by  a  ’’space" 

2.  Enter  beginning  address  o*  the  memory 
section  to  b°  chanced  (RA*  onlv)  (Teletype 
prints  current  content  followed  by  hvrhen.) 

3.  Enter  number  Dair  to  replace  present 
content.  (Teletype  prints  content  of  n.2Il 
memory  location  followed  by  a  hyphen.) 

u .  Rnt°r  new  number  pair  i  r  required. 
Otherwise  press  RESr’T.  Step  ?  can  be 
repeated  to  change  contents  of  successive 
memory  locations.  RESET  exits  *he  *EMORY 
EDIT  mode. 

>;  o  t  e  :  If  "soace^  only  is  tvD^a  f  o  1  lov>  inn 
the  hyp^ent  £h“  22222Z  content  bnmonfs  z^ro._ 

An  example  is  shown  in  Table  D.VI.  The  example  illustrates 
how  : 

1.  MEYORY  DISPLAY  mode  is  used  to  display 
contents  r>c  memory  from  1500H  to  150RR. 

2.  MEMORY  EDIT  mode  is  used  to  change  memory 
contents  to  be  the  integers  from  1  to  is. 

3.  F E v  DISPLAY  mode  is  used  to  display 
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the  new  contents. 

An  example  of  the  proceedure  to  chanae  an  entry  in  the  Scan 
Control  table  is  as  follows: 

££2—1 _ _ •  tn  fable  D.III,  port  46  on  channel  3  must  be  read 
instead  of  port  44. 

Pioceejure:  Enter  "6,  space,  14,  space,  06,  space". 

(Teletype  prints  ''44-") 

Enter  "46,  space". 

Press  RFSET. 

0.1. 5  To  Operate  and  Record  Data  yrjATA  AC0UTSTTT0" 

M°dsL 

The  proceedures  for  calibratinc  input  channels,  for 
program ni no  the  sequence  of  channels  to  be  scanned  and  ror 
programming  the  secu«r.ce  oc  orobe  mov-m^nts  in  a  probe 
survey  are  given  in  Sections  D.I.b  and  D.i.4.  when  these 
.taps  are  conpleteo  da*  a  is  taken  bv  selec^ir. c  th°  DA^A 
JdpuiSlTTON  mode.  to  enter  this  mode: 

1.  Fntar  "4"  followed  by  a  "spac=" 

(Tel  etvo=*  prints  30  asterisks  as  a  leader  and  to 
provide  time  to  turn  0\T  the  punch.) 

2.  Turn  on  the  t  a  d  e  punch. 

(Teletype  prints  and  punches  as  shown  in  the  examDle 
in  Table  D.VII.) 

111211  the  l§ta  is  conp]_ete2  a  cy/LF  121121121  hI 
inother  LF  are  executed^  and  the  rgguesy  for  a  mode 
^--£tion  22 try  is  typed  since  DATA  ACOFTsi^roy  mode  is 
Jited  automatically^  All  thesy  characters  are  contained  on 
--  22l  2l  212  data  2222* 
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D. 2  PROCEEDURES  FOR  CHANGING  THE  CONTROL  PROGRAM  ON  PROM 


P.2.1  Introduction 

Changes  which  might  be  needed  in  the  Control  Program 
can  be  classed  as  "minor"  or  "major".  "Major"  changes 
require  recompilation  of  the  complete  MIDAS  IV  software, 
usually  because  of  additions  or  deletions  in  the  number  of 
program  steps.  Minor  changes  can  be  effected  by  changinq 
the  values  in  particular  memory  locations;  for  example,  the 
limits  of  a  Do  loop. 

In  the  following  section,  D.2.2,  making  a  "minor" 
change  is  illustrated  by  describing  a  particular  example  in 
detail.  In  Section  D.2.3,  in  describing  proceedures  for 
"major"  changes,  references  are  given  for  each  of  the  steps 
in  the  programming  of  MIDAS  IV. 

D.2.2  Minor  Changes  ^Not  Requiring  Recompilation) 

Examples  of  minor  chanqes  include: 

1.  Alteration  of  the  width  (duration!  and 

frequency  of  Scanivalve  pulses 

2.  Changing  time  delays 

3.  Reallocation  of  RAM 

4.  Changing  program  constants 

The  steps  involved  in  each  of  these  examples  are  the 
same.  Therefore  the  proceedure  is  illustrated  by  describing 
the  first  example  in  detail. 

EXAMPLE^.  CHANGING  THE  WIDTH  OF  A  SCANIVALVE  PULSE* 

1.  Locate  the  PL/M  subroutine  which  generates  the 
pulse  (Using  Fig.  6,  and,  when  the  correct  branch  is  chosen. 
Appendix  B.) .  For  this  particular  example  the  Scanivalve  is 
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advanced  in  both  the  CALIBRATION  and  the  DATA  ACQUISITION 
modes.  Since  both  routines  advance  the  Scan l valve  in  the 
same  manner,  only  the  change  in  DATA  ACQUISITION  is 
described.  In  the  DATA  ACQUISITION  mode  SCANV  is  Mie 
routine  that  controls  the  Scanivalves.  Proii  the  SCANV  logic 
schematic  and  the  PL /M  source  file  it  can  be  se°n  that  the 
pulse  is  initiated  by  outputtina  "040H  +  PS"  on  Output  Port 
Three  and  then  entering  a  "Do  1  to  9"  loop  that  contains  a 
10  msec  delay.  After  the  80  msec  delay,  "9S"  is  output  on 
Output  °ort  Three,  and  another  time  delay  loop  is  enterel. 
The  first  delay  l_ooc  controls  th°  ou  l_s^  width  and  php  so  coo  d 
sets  the  lire  betvppp  ru  1  s^s^  r  f  ,  for  example,  the  puls° 
width  is  to  ve  changed  to  100  msec,  th°  "Do  1  to  9"  loop 
must  be  changed  to  read  "Do  1  to  10". 

2.  The  location  in  POM  of  the  value  "9"  is  cound  by 
using  the  ?L/M  Source  and  Memory  cross  Referanc°  (Tab\o 
D . 7 T 1 1 . )  .  The  line  number  of  the  "Do  1  to  8"  loo?  is  *  161 
and  the  hexadecimal  address  giver:  is  047AH.  The  assembly 
language  l i s t i r. ~  of  the  y  I D  \  5  IV  software  n^ar  a d dr°s s 
04  7  A u’ ,  lists  the  imoli  trontation  or  ‘■he  "Do  1  to  loop. 
(See  ""able  ?."X.)  The  OSH  value  beina  loaded  into 
A-reaist=r  is  *- *- e  uoper  limit  of  the  "Do"  loop.  By  chancing 
the  concert  or  this  raemorv  location,  047sh,  from  08H  to  0AH 
(the  v^lue  must  be  in  h  e  xid  pcim  a  1  j_  10  would  result  in 
looping  H  times) ,  the  pulse  width  is  increased  to  100  ns°c. 

3.  Several  of  the  machine  cod0  values  (Table  D.X.) 
on  either  side  of  the  047yu  location  should  bp  noted  so  that 
the  same  location  can  b°  verified  at  a  later  time  on  fhe 
PROM. 


4.  Turn  off  the  MIDAS  IV  system  (Appendix  *')  and 
remove  the  appropriate  PROM  card,  in  this  case  the  #  2  card. 
(See  Fia .  A  1 . ) 
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5.  Program  a  new  PRO?:,  in  this  case  #  4 ,  with  the 
Pro-Log  PRO K  programmer  or  the  Tntelec-8  microprocessor 
[Ref.  11  or  14]. 

6.  Reinstall  the  PRO”,  #  4  in  this  case,  and  the 
PRO?!  card.  This  completes  the  change. 

N ot  e  :  For  al T_  chances 

1.  Keep  the  "old"  PROW  until  the  "new"  PROW  is 
verified  and  the  system  operates  correctly. 

2.  Document  the  char.ae  to  the  software, 

D.2.3  W ajor  Chances  _[££auirinc  Recompilation^ 

"Major"  chances  are  ’-hose  thav  recuire  recompilation 
of  the  MIDAS  TV  software  and  reprocra  mm  i  r.c  of  all  the 
PROM’s.  Ref.  12  provides  ’■he  basic  PT./M  b acv croup p 

necessary  to  male  program  additions  or  changes  ’-o  the  MIDAR 
IV  software. 

Ref.  15  contains  instructions  on  loading  the  MIn5R 
IV  PL/M  source  deck  in’o  the  360/67  anp  op°ratina  in  the 

rdit  mode  to  chance  the  program.  The  procramner  should  also 
obtain  the  ^ollouina  documentation; 

1.  Symbol  1 3  bl  e  (see  the  end  of  ’■he  source 
program  listing  in  Appendix  B) 

2.  Assembly  languaoe  representation  of  object 
code  (Table  9. IX.) 

3.  Listing  of  the  source  pronram  (See  the  end 
of  Appendix  Bl 

The  machine  code  listing  (Table  D.X.)  is  obtained  when  th® 
paper  tape  is  punched. 

Ref.  16  contains  instructions  or,  loading  t  h e  machine 
code  program  and  programming  the  PROM’s. 

v ot  ep  In  £2r>I~2£L£2.2Ii.i!l!Ii.  ’  i.  if  npeo^sarv  pa  o^ace 
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I1B.2Z22"  instruct  ion  _[CP£  1 2  the  fins  t  meiior^  i22if  l2Hj.  This 
can  be  done  by  deletinq  one  character.  For  example,  a 
"space”,  020H,  before  the  ASCII  equivalent  of  the  word 
MIDAS,  shifts  the  beginning  ASCII  characters  one  space  to 
the  right  and  makes  room  for  the  "no-op"  instruction.  (See 
Table  D.XI.)  The  MPS-605  requires  a  no-op  instruction  in 
location  0000H  because  of  the  manner  in  which  it  executes 
the  first  instruction  when  power  is  turned  on. 

D. 3  PROCEEDUPFS  FOP  ADDINS  EXTRA  MEM0F7  TO  RAM 

In  some  applications,  the  amount  of  PAM  allocated  for 
the  Scan  Control  table  and  the  Probe  Control  tab!»  will  not 
be  sufficient  (Fio.  7).  An  additional  ?K  of  PAS  can  be 
added  as  described  in  Appendix  A. 

The  startino  address  for  the  Probe  Control  table  ru?+ 
then  be  changed  as  described  in  Sec.  D.2.2.  The  memory 
location  to  be  changed  is  Q143H. 
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TABLE  D.I.  POWER  ON/POWER  OFF  PROCEEDURES 


POWER  ON: 

1.  MIDAS  IV  AND  TELETYPE  ARE  CONNECTED  TO 
110V  oOHz  SOURCE  (CHECK) 

2.  TELETYPE  SEND/RSCSIVS  LINE  IS  PLUGGED  INTO 
#50  CONNECTOR  (CHECK) 

3.  MAIN  POWER  SWITCH  -  ON 

4.  MICROPROCESSOR  POWER  SWITCH  -  ON 

5.  SELECT  TELETYPE  MODE  (LINE/LOCAL) 

6.  PRESS  -  RESET 

POWER  OZZl 

1.  TELETYPE  -  OFF 

2.  MICROPROCESSOR  POWER  SWITCH  -  OFF 

3.  MAIN  POWER  SWITCH  -  OFF 
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TABLE  D.II.  MIDAS  IV  HEADER 


MIDAS  IV 

TYPE  THE  SELECTION  NUMBER  FOLLOWED  BY  A 

SPACE t 

0  -  MIDAS  IV  HEADER 

1  -  CALIBRATION 

2  -  PROGRAM  SCAN 

3  -  READ  TAPE 

4  -  DATA  ACQUISITION 

5  -  MEMORY  DISPLAY 

6  -  MEMORY  EDIT 

7  -  RESTART 
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TABLE  D.III. 

SCAN  CONTROL  AND  PROBE  CONTROL  TABLES 
ENTERED  AT  THE  KEYBOARD 

CH  PT 

ERROR  TINS 

oi  or: 

03 

iQ  00 
^7  00 

00  On  10 

00  05  00 

00  10  03 

00  50  01 

A.. 'T 

D?.=0  1 

•  50 

10 

1  3 

FF 

00 

01 

00 

16k 


ix,  in 


TABLE  D.IV 


SCAM  CONTROL  AND  PROBE  CONTROL  TABLES 
ENTERED  ON  PAPER  TAPE 


01  OP  0..  C C  10 
03  /»4  CO  05  GO 
IS  00  0  0  10  0  5 
hi  00  GO  50  0  1 

0  00 

10  01 
15  00 
rF 
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TA3LE  D.V.  EXAMPLE  OF  THE  USE  OF  "MEMORY  DISPLAY" 


5  1  1  00  -  11  CO 

1100:  01 

EM  TER  THE  MEET  SELECTION  a  0  '15  Eh: 

5  1  1  CO  -111/-: 

1100:  01  02  00  00  10  03  *4  00  05  00  13  00  OC  10  05  47 
1110:  .00  00  5C  01  ?> 

Ea’TEH  THE  MEET  selectio:  EC -IE Eh: 

5  14  00  -  14  06 

1400:  50  00  10  01  15  OC  FF 

ENTER  THE  iMEXT  SELECTION  NUEBEh: 
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TABLE  D. VI .  EXAMPLE  OF  THE  USE  OF  "MEMORY  EDIT 


TABLE  D.VII.  EXAMPLE  OF  THE  DATA  OUTPUT 


-  t:  » 

.  *;  jjc  *  i;  *  4; 

+  ^  *  <  4:  4: 
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03 
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+053 4 ) 
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+ 1 5000 

03 

44 

••  0  C  0  3  2 

13 

00 

-  1 4000 

47 

CO 

+06363 

EJT 

ER  THE 

a  EX T  SI 
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37=01 47H  39=0 148H  40  =  0)581'  4l=0!5EH  48=0  l  MH  43=0 174H 
44=0 1 7  7H  4b  =  01 78H  46=018411  47=0  18M1  4«=U194H  51=0199H 

58  =  0 1 9CH  53  =  019 DH  54  =  0I6()M  blvU'109l!  57=0!  PC-H  5H=0inCH 

59  =  0  lrtDH  60=0  1031  Ol^OiO-W  (.;  0113:-;  63=0 1U9H  68  =  0  1  DM! 

69  =  0  1E8H  70  =  011-411'  7'‘-nlM  il  73  0010411  75=08()bH  76---0818H 
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TABLE  D.VIII.  A  PORTION  OR  THE  PL/M  SOURCE-MEMORY 

CROSS  REFERENCE 


0415H  l.LI,B5H  LMI^OIH  JM1-S  08H,  04H  LKI,1UH  LL I  >  B5H  LMllOPH  JMP, 68H>04H 

0425H  LHI/10H  LL  I  /  BbH  LhL04!  JR V ,  n<H  >  UAH  LH I >  1  OH  LLI/PbH  LMI>08H  JMP 

043SH*  68H, OAH  LHl>l()i»  LL  1 1 BAH  LAh  LCJ,OOM  A)  'A  LHA  LAC  HAL  LCA  LAP  ADM 

0AV)5H  LDA  LAC  ACI/OOH  LCA  LAP  ADI*  bCH  LPA  LAC  ACI/OAH  LL  I  *  8  AH  LM 1*4  AH 
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APPFNDIX  S. 


GLOSSARY 


1.  ASCII:  American  Standard  Code  for  Information 

Interchange,  an  3-bit  binary  convention  originally 
developed  to  encode  teletypewriter  kevboard  inputs. 
For  serial  data  transmission  the  pulse  width  for  each 
bit  in  the  serial  strina  is  9.0  msec.  (See  Ref.  2  for 
the  ASCII  table.) 


2.  ^CD:  Pinary  Coded  Decimal 
binarv  numbers  in  a  4-bit 
0  -  0000 
1  -  0001 
2  -  0010 
3  -  0011 

a  -  oioo 


a  system  usina  the  first  ten 
counting  scheme. 

5  -  0101 

6  -  0110 
7  -  0111 
«  -  1000 
9  -  1001 


3.  ^CD  Coded  dumber:  ~h~  CCD  representation 

digit-for-diT.it  of  a  decimal  number.  For  example,  S2P0 
=  0101  0010  1 000  0000. 


4 .  Channel :  Any  of  43  inputs  to  the  Digital  Voltmeter. 

Fach  input  is  selectel  by  a  multiplexer  controlled  by 
either  the  thumbwheel  switches  or  4‘he  DATA  AC0UI SITIOF 
mode . 

5.  CP0:  Central  Processing  Unit,  that  part  of  a  computer 

or  microprocessor  that  directs  the  operation  of  the 
remaining  components  of  the  system.  The  CPU  usually 
contains  the  Arith^?fic  Toqic  Unit  (ALU)  which  performs 
the  basic  arithmetic  and  logic  functions. 
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6.  Dig  it  ec:  A  digital  voltmeter  produced  by  United  Systems 

Corporation.  MIDAS  17  uses  a  Digitec  Model  251-3. 

7.  DVM:  Digital  Voltmeter 

Fully-automa tic-node:  Refers  to  the  node  of  operation 

in  which  the  Probe  Traversing  Mechanism  5s  under  the 
microprocessor’s  control  for  linear  movement  and  in 
which  the  angular  control  circuit  is  in  operation. 
(See  Section  ITT.  C.3) 

9.  Her :  Fexicecimal,  a  number  system  with  a  base  o£  16. 

(0,1r2,.?,4,5,6,7fB,?,A,BrC,D,F,  and  F) 

10.  H i^PC'nal  Refers  to  two  Mnary  co^od 

hexadecimal  numbers.  For  example,  7FH  =  0111  1110.  (F 

is  used  as  a  suffix  to  indicate  Hexidecimal.  ) 

11.  I/C:  Tr.put  /  Output 

12.  I/O  Or i vers :  Hardware  or  software  that  creates  binary 
signals  (serial  or  parallel)  that  can  b®  coded 
convey  information  into  or  out  of  a  system.  MIDAS  IV 
uses  standard  ASCTI  serial  Input /Output  format. 

13.  LSD:  Light  Emitting  Diode 

14.  Manual  ^ode:  That  mode  of  operation  in  which  the  Probe 
Traversing  Mechanism  is  moved  linearly  an!  rotated  by 
the  switches  located  on  the  Probe  Traversing  Panel. 

15.  A  type  o*-  computer  wish  a  design 
"architecture"  between  that  of  a  simole  calculator  and 
a  full  computer.  Usually  contains  programmable  memory 
which  can  be  either  volatile  (DAM)  or  non-volatile 
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(ROM)  ,  or  both. 


16.  HTb A S  IV:  Micro programmable  Integrated  Data 

Acquisition  System,  the  fourth  of  five  different  data 
acquisition  svstens  designed  and  built  at  the  Naval 
Postgraduate  School. 

17.  Mode  Selection  lumber  (0  throucrh  7)  :  One  of  eiaht 

numbers,  identifying  different  modes  of  operation  for 
MIDAS  IV. 

18.  "u It 2_d lexer :  A  device  which  connects  one  of  a  number 

of  input  lines  to  a  single  output  lir°.  (Section 
II . 3. 4) 

19.  &  hicjn  lev=l  computer-  language  developed  for  use 

with  microprocessors  anr1  copwri*ed  by  Intel 

Corporation . 

20.  Port:  one  of  s^v^ral  oncuoatic  input  lines  on  a 

Scanivalve.  Th°  port  selection  is  controlled  bv  ‘Ho 
"Port  Advance"  button,  "Hom^"  button,  or  by  ‘•h0 
microprocessor  in  the  DATA  ACQUISITION'  no^. 

21.  Pro Control  Table:  A  table  programmed  by  the 

operator  containing  a  lis‘-ina  of  how  the  probe  is  to  be 
moved  when  operatina  in  rhe  DATA  ACQUISITION  mod"1. 
(Section  it.?.?) 

22.  ZlLO-log  (Corporation):  (Monterey,  California) 

manufacturers  of  th  =>  micronrocessor  and  associated 
equipment  used  in  MIDAS  IV. 

23.  t>ROM:  Programmable  Read  Only  Memory  Unit 

24 .  ZZZ'  Probe  traversing  Mechanism  (Section  IT ' .  3.  1) 
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25.  PAM :  Random  Access  Memory,  memory  storage  used  for 

program  variables  and  non- permanent  data.  The  contents 
of  PAM  are  "volatile"  (can  be  rewritten  and  is  lost 
when  power  is  removed) . 

26.  ROM:  Read  only  Memory,  memory  storage  used  for 

permanent  information.  The  contents  of  ROM  are  "non¬ 
volatile"  (not  lost  when  power  is  removed)  . 

27.  Scani valve:  Trade  name  for  a  rotarv  pneumatic  switch 
produced  by  Scanivalve,  Inc.  The  Maval  Postqraduate 
School  ’"’u  rb  opropul  s  L  on  Laboratory  uses  24  and  UR  port 
Sea nival ves. 

28.  S°?i-ardor3tic  22l“:  ^ode  oc  operation  in  which  ‘•he 

angular  mo’/'-' men*  of  th°  ’’robe  Traversim  Mechanism  i  s 
automatically  controlled  io  maintain  probe  alignment 
with  the  flow  direction  a^d  in  which  ‘■h-*'  vertical 
movement  is  controllel  by  th°  operator. 


29. 

Sic r^I 

Con  i  i  *■  i. opi  m: 

^l^ctr^nic  scalinc 

ana  log 

signal  to  match 

t  he 

input  requirements 

measurement  system.  (Section  tt .  3.3) 

30.  Software:  Another  name  for  the  "programs"  of  a 

computer  system. 

31.  Subroutine :  A  separate  program  called  during  the 

execution  of  another  program. 

32.  Ford:  Usually  th°  contends  o*  one  memory  location. 

33.  Y  a  v  -  h 1 1  a  rc.n  vor  a  .direct  iora  lly  sensitive  probe,  the 
condition  that  the  pressure  measured  at  two  side  ports 
are  »qual  and  the  probe  is  facing  into  the  flow. 
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34.  N  74  1 6  :  "Hex  In ver ter/driver" ,  an  integrated  circuit 
that  acts  as  a  binary  signal  inverter  and  supplies 
current  to  drive  other  components. 

35.  N  2122'-  "BCD-to-decimal  Decoder",  an  integrated 
circuit  that  reads  a  BCD  number  and  activates  one  of  10 
output  lines. 

36.  N  22.22 :  "Latch",  an  integrated  circuit  that  latches  a 
binary  input  so  that  it  is  not  lost  when  the  input  is 
removed . 

37.  N  74 221'  "Schmidt  One-shot",  an  integrated  circuit 
that  outputs  a  pulse  when  the  input  reaches  a  certain 
level . 

38.  jj221:  "Cp-anp",  an  in*-»grnted  circuit  amplifier. 

39.  HOOD:  The  decimal  value  1100  (the  D  denotes  decimal 

representation  or  base  10). 

39.  1J.00H:  The  hexidacimal  value  1100  (the  u  denotes 

hexadecimal  representation  or  base  16,  1100F  =  4352). 
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10. 
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13. 


Sturaes,  It.  J.  w.. 

A  MTCROPPOGF AM MABLC  INTEGRATED 

■Aeronautical  Fncrineer  Thesis, 

Naval  Postaraduat0  School, 

Monterey,  California, 

1975. 

Biewpr  ,  M . , 

TRF  RFSl^liFPS  GUTD^  TO  PROGRAMMED  LOGIC 

F07  ^"FDtrSYSTrFT?? , - 

PFO-CC'T  Corporation  , 

1974. 


Datel  Svs+ems,  Inc. , 

16  Channel  Ana  loo  ’ulti  pi  °xer:  Mv*16, 
RulIetlrTx  1 7(757711  7 -  - 

Dn  i  t  °<i  S  v  stems  Corporation, 

Voltmeter  PlurT-Tn  '■,odul°  Instruction 
naou3T-FT-CT-'T7;-ror-"oT“Ts-75T=F--"-2r'2-3. 


Signetics  Corrora^’on, 

S lon^t^cs  Cojroor  a  ti_on  n ia iyn  !_-! inya r-yos 
7icn  performance  operational  7npritTer  7  73'TJ‘7 

J  t 


Cn  teloax 


Pro-Loa  Corror at  :*  op. 


Wir®  list 


V  "5  ■ 


1777672 


—  -L  1  ^  ^ 


:-«05  '6ard 

tov7"T9  7TT 

7i-o  I’S4-;  vre-opv  jarl 
- 


tv 


Pack  x 


22fi 


Pro-Loa 

>-■  p  c  _  p  no 

F7~57~"c 


Corporation , 
c<"-rias  nravinas, 
:Coy7“T97I7 - 


Datel  Sy 

v  *  A  ^  l  u  b 


V  c  f  o  n  c 


1"PC.  , 


Model  VFV-10K  Fr  0”nep  cv  to  Voltaae  Converter. 
5uITetTn-777A'I,-77777 - 


Sea ni valve,  Ire. , 

(Product  Literature) . 

Hewlett  Packard, 

Muj»eric  Hexadecimal  Indicators,  5  08  2-73  00  Series, 

XTecnnlcaT  Data77  77737 

Intel  Cornorat ion , 

MCS-_6y  A  *£nide  t_o  PL /y  Proa ra  mm  in  a , 

Revision  1,  777?. 


Int°l  Corporation, 

800  °  and  RC50  ?!,/_  Eroarammina  Manual, 

°evision  7,  7975.  “ 

Teletype  Corporation, 

Technical  Manual  For  32  and  33  T°le^vpevrit=>r  se^s 
FiuTTeti  n~27377~7  oT“T. - 
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14. 


Pro-Loq 

Series 

T97IT7- 


Corporation 
8  1  Port  able 


t>POM 


Proar;ammer;_^_s  Manual, 


15.  *Javal  Postaraduate  School  (w.R.  Church  Computer  Center), 
Technical  Kot<=>  Mo.  0211  -24, 

CP/CMS  Osers  Guide  at  the  flaval  Postaraduate  School, 

E>y  K.F.  FTrutvnslcT, 

October,  1973.' 

16.  Intel  Corporation, 

Intellec  8/KOD8  Microcomputer 

FysTetr  7 re r aborts  Manual  -  Version  IT. 
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